WO 2004/112687 



PCT/AU2004/000866 



-1- 

ANTIVIRAL COMPOUNDS AND METHODS 
MELD OF INVENTION 

■ 

The present invention relates to methods for retarding, reducing or otherwise 
5 inhibiting viral growth and/or functional activity. The invention also relates to 
compounds and compositions suitable for use in the methods. 

BACKGROUND OF THE INVENTION 

Currently, there is a great need for the development of new treatments that are 
effective against viral infections, particularly against viral infections which are 

10 associated with high morbidity and mortality, and which impact on sizable 

populations. Treatments currently available are inadequate or ineffective in large 
proportions of infected patients. 

For example, in ameliorating AIDS symptoms and prolonging life expectancy, a 
measure of success has been achieved with drugs targeting the viral reverse 

15 transcriptase and protease enzymes (Miller and Sarver, 1997; Mitsuya, 1992; Moore, 
1997; and Thomas and Brady, 1997). However, no single treatment method is 
completely effective against HIV infection. (Barry et aL 1998; Deeks, 1998; Miles, 
1997; Miles, 1998; Moyle et el, 1998; Rachlis and Zarowny, 1998; Veil et ah 1997; 
Volberdihg and Deeks, 1998; and Volberdin, 1998). 

20 PCT application P.CT/AU99/00872 describes the use of compounds S-(N,N- 

hexamethylene)-amiloride and S-CN^-dimethy^-amiloride in the treatment of HIV 
infection. 

Another virus considered to be a significant human pathogen is the Hepatitis C 
virus (HCV). This is a significant human pathogen in terms of both cost to human 

25 health and associated economic costs. HCV causes chronic hepatitis and cirrhosis 
and is the leading indicator for liver replacement surgery. In 2002 the Centre for 
Disease Control and Prevention estimated that more than 4 million people were 
infected in the USA alone and that approximately 8,000 to 10, 000 die as a result of 
chronic HCV infection yearly. There is no known cure or vaccine. More effective 

30 pharmacological agents are urgently required. 
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A further well-known family of pathogenic viruses are the Cotonaviruses. 
Cotonaviruses (Order NidaviraJes, family Coronaviridae, Genus Coronavirus) are 
enveloped positive-stranded RNA viruses that bud from the endoplasmic reticulum- 
Golgi intennediate compartment or the cfc-Golgi network (Fischer, Stegen et al. 
1998; Maeda, Maeda et aL 1999; Corse and Machamer 2000; Maeda, Repass et aL 
2001 ;Kuo and Masters 2003). , . 

1 i 

Cotonaviruses infect humans and animals and it is thought that there could be 
a coronavirus that infects every animal. The two human cotonaviruses, 229E and 
OC43, are known to be the major causes of the common cold and can occasionally 
cause pneumonia in older adults, neonates, or immimocomptromised patients (Peiris, 
Lai et al. 2003). Animal coronaviruses can cause respiratory, gastrointestinal, 
neurological, or hepatic diseases in their host (Peiris, Lai et al. 2003). Several animal 
coronavirus are significant veterinary pathogens (Rota, Oberste ct aL 2003). 

Severe acute respiratory syndrome (SARS) is caused by a newly identified 
virus. SARS is a respiratory illness that has recently been reported in Asia, Norm 
America, and Europe (Peiris, Lai et al. 2003). The causative agent of SARS was 
identified as a coronavirus. (Dtosten, Gunther et al. 2003; Kaiazek, Erdman et al. 
2003; Peiris, Lai et al. 2003). The World Health Organization reports that the 
cumulative number of reported probable cases of SARS fiom 1 November 2002 to 









« 




37 



30 



that SARS will not be eradicated, but will cause s- 
influenza viruses (Vogel 2003). 

To improve the prospect of treating and prevej 

on-going need to identify molecules capable of inhibiting various aspects of the viral 
life cycle. 

It is an object of the present invention to overcame or ameliorate at least one of 
the disadvantages of the prior art, or to provide a useflil alternative. 

Any discussion of the prior art throughout the specification should in no way be 
considered as an admission that such prior art is widely known or forms part of 
common general knowledge in the field. 
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SUMMARY OF THE INVENTION 

The inventors have surprisingly found that certain compounds mat fall under 
the classification of substituted aoylguanidines have antiviral activity against viruses 
from a range of different virus families. Without intending to be bound by any 
5 particular theory or mechanism of action, and despite current dogma, it appears 
possible that viral replication can be retarded by inbibiting or otherwise down- 
regulating the activity of ion channels expressed in the host cell. Thus, the negative 
impact of the compounds of the present invention on viral replication may be 
mediated by the inhibition or otherwise down-regulation of a membrane ion channel 

10 relied upon by the viros for replication. This membrane ion channel may be a viral 
membrane ion channel (exogenous to the host cell) or a host cell ion channel induced 
as a result of viral infection (endogenous to the host cell). 

As an example, the compounds of the present invention may inhibit Vpn or p7 
function and thereby inhibit the continuation of the respective HTV or HCV life cycle. 

15 The SARS virus encodes an E protein which is shown for the first time, by the 
present inventors, to act as an ion channel. As similar E proteins are present in other 
coronaviruses. the compounds, compositions and methods of the present invention 
would have utility in the inhibition and/or treatment of infections by other 
coronaviruses. 

► • 

20 The present invention is concerned with novel antiviral compounds that fall 

under, the classification of substituted acylguanidines. It does not include in its scope 
the use of compounds S-(N,N-hexametbylene)amiloride and S-(N,N-dimethyl)- 
amiloride for retarding, reducing or otherwise inhibiting viral growth and/or 
functional activity of HTV, 

25 Accordingly, a first aspect of the present invention provides an acylguanidine with 
antiviral activity. 

According to a second aspect, the present invention provides an antiviral componni 
of Formula I 

« 

O N" R3 
R^N^N'* 2 



h -r 

R4 
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wherein R1-R4 are independently aromatic groups, heteroaromatic groups, 
alkyiaramatic groups, alkylhetaroaromatic groups, alkenylaromatic groups, 
alkenylheteroaromatic groups, cycloalkylaromatic groups, 
cycloalkyJheteroaromatic groups, aryloxyalkyl groups, heteroaryloxyalkyl 
groups, said groups are mono or polycyclic, and are optionally substituted 
with one or more substitutents independently selected from hydrogen, 
hydroxy, nitro, halo, amino, substituted amino, alkyl-substituted amino, 
cycloalkyl-substituted amino, aryl-Biibstituted amino, Ci^alkyl, Ci. 
salkyloxy, C 3 ^oycloalkyl, halo-substituted Ct^alkyl, halo-substituted Cj. 
ealtyloxy, phenyl. C M alkeneyl, C 3 ^cycloalkeneyl, C^alkeneoxy, benzo, 



aryl, substituted aryl, PrS, 




According to a third aspect, the present invention provides an antiviral 
compound of Formula I 
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R2 , R3 and R4 are independently hydrogen, 

* 

*0 v 









V,BOD IPY - H ' 

or' *"\ 



and wherein 
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X - hydrogen, hydroxy, nitro, halo, Ci-ealkyl, CwaBcyloxy, 

C 3 -6Cycloalkyl, halo-substituted C^aBcyi, halo-substituted C N 

salkyloxy, phenyl, C l4S alkeneyl, C 3 . 6 cycloallceaieyl, C^alkeneoxy, or 
benzo; 

R«» R *>R«,Rd,Re,Rf,R 1 ,,I?4 {> R L> R ro) R n> R ()> U {) independently = 
hydrogen, amino, halo, CwalkyL, Q.salkyloxy, hydroxy, aryl, 
substituted aryl, substituted amino, mono or dialkyl-substituted 
amino, cycloalkyl-substituted amino, aryl-substituted amino, 

H 3 Ck > 
N" 

NH 2 0 ,w, 

orPiS; 

, R| independently = hydrogen, hydroxy, halo, ox C w aDcylj 
Rj - hydrogen, amino, halo, Cj^alkyl, Ci- 5 attyIoxy, hydroxy, a 
substituted aryl, substituted amino, aliyl-substitttted amine 
cycloalkyl-substitated amino, aryl-substituted amino, PrS, 

**\ or NH 2 O . 

■ 

Preferably, the compounds of the invention include the following: 
5-(N^-hcxamethylene)amiloride comprising the structure 





O NH 2 




NH 2 

i 

NH 2 
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5-{N,N-Dimethyl)amiloride hycJrochloride comprising the structure 



I 

CH 3 




O NH 2 
N^NH 2 



■A 

5^N-methyl-N-isobut}rl)ainiloride comprising the structure 



Ct 



I 



I 



O NH 2 



NH 2 



N NH 2 



5-(N-Bthyi-N-isopropyl)amiloride (herein referred to as EIPA), comprising the 
structure 



10 



O NH 2 
Cl^ . N J^. 

1 jf 2 
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N<3,5-Mamtao-6-cMor^ comprising the 

structure 



YAW 

II H 
H 2 N'^N'* S ^NH2 



N-Beiizyl-N'raS-tfamino-e-ch^^^ comprising the 

5 structure 



O 



II ^F* 
H 2 N^N^NH 2 




3-methoxy amiloride comprising the structure comprising the structure 



Q NH 2 



Y Y^N. NH 2 
H 2 N^N^OCH3 



3-mefhoxy-5-(N^Hexamethylene)-aiiuloride comprising the structure 



10 




O NH 2 



CH 3 
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■ 

S-hydKJxy-S-hexameftylemamino-amiloride 



rising the structure 




O NH 2 



NH 2 



Hexamethyle^eimino^phenyl^-pyraxinecarboxamide comprising the structure 




^-^^o^S-diamino-e-phmyl-Z-pyra^o^^ comprising the structure 
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5-(NJ^-hexam©tiiylene)ainiloiide comprising Hie structure 



CI 



O NH 2 




N^N^NH 2 



N-airtdmo-3-amtoo-5-phe^ comprising the 

5 structure 



Q NH 2 




N NH 2 



3'4 DichloroB enzamil comprising the structure 



NH 2 ■ *T NB 



10 
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2»4 DichloroBenzamil HC1 comprising til© structure 



O NH 2 



II I 




5-(N-mt^yl-N-guaddwocarbonyl-methy1)axmloride comprising the structure 



H 3 C. 



H 2 N 



V 




0 NH 2 
I 



NH 2 



Y 

NH 2 O 



5 5-CN^T-Diethy])amiloride hydrochloride comprising the structure 




5 -(N3-Dimethyl)amiloride hydrocMoride comprising the structure 



NH 2 



CI 



H 3 C S . 
I 

CH3 



N NH 2 



NH 2 
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5-tert-butylamino-amiloride comprising the structure 



9 W*2 



*J N NH 2 



NH 2 



6~Iodoamiloride a>raprising the structure 



O NH 2 



5 H 2 N^N^NH 2 



NH 2 



Bodipy-FL Amiloride comprising the structure 



O NH 2 

II -J H 
H 2 N^N^NH 2 



5-(4- fluorophenyl)arailoride comprising the structure 



XlT 



Q NH 2 



NH 2 
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1 -napthoylguanidine comprising the structure 



H 2 N NH 2 
0.>. .N 




2-napth.oylguanidine comprising the structure 




N-(2-napthoyl)-N*-pheny]guaiudine comprising the structure 




N^-bis(2-n^oyI)guamdine comprising the structure 
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N,N'-bis( 1 -napthoyl)guanidine comprising the structure 




N^-bis(2-n^thoyl)-N"-phcnylguanidine comprising the structure 




5 6-methoxy-2-iiap]ifhoylguanidme comprising the structure 




NH 2 



N-Cinnamoyl-N'^' -dimethylguanidine comprising the structure 
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3-quinolmoylguanidine comprising the structure 




NH 2 



oinnamoylguanidin© comprising the structure 




O KH 2 
N^NH 2 



4-phenylbenzoylguanidme comprising the structure 




N-(cinnamoyl)-Nphenylguamduie comprising the structure 
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(3-phmylpropanoyl)guanidine comprising the structure 




NH 2 



N^-bis-(cii3namoyl>N ,, -phenylguanidine comprising the structure 




5 N-(3^henylpropanoyl>^henylguanidine comprising the structure 




N^-bis(3phenylpropanoyl>N ,, -phenylguaiudine comprising the structure 
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traas-3-furanat5iyoylguaiiidin© comprising the structure 

O NH 

X 

g NH 2 




N-(6-Hy 



xy^n^thoyW-phenylguanidine comprising the structure 
O NH 

X 




N' 'NH 




(4-Phenoxybenzoyl)guanidtQe comprising the structure 

O NH 2 

r , T N^NH 2 




10 



N,N'-Bis(amidino)naplialene-2 a 6-dicarboxamide comprising the structure 

O NH 2 

*T^NH 2 
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6-brotno-2-napthoylguanidine comprising the structure 

O NH* * 

X 

I 




1 -bromo-2-napthoylguairidine comprising the structure 
Br O NH 




NH 2 



2^2-tiapthyl)acetoylguaoidine comprising the structure 



COTx 



NH 2 



10 



IS 



N'-CSimamoyl-N^wJiphenylguMiidin© comprising the structure 




(Phenylacetyl)guaiiidiiie comprising the structure 




NH 2 
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H^-Bi^-phettylfMwpanoyOguBmdlne comprising the structure 

O NH O 

X 




H H 




Benzoylguaoidine comprising the structure 
O NH 

X 
g NH 2 



5 




(4-Chlcrophenoxy-acetyl]guanidine comprising the structure 

O NH 

II s 




10 



N-Bcnzoyl-N'-ciniwmoylgiianidine comprising the structure 

O NH2 O 




H 




[(E)-3-(4-Dimemylainmo^ 
15 structure 



Mil* 



ine comprising tho 
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(4~CMorocirniamoyl)guanfdine comprising the structure 

O NH 2 

X ■ 

NH 2 





oyl)guanidine comprising the structure 

NH 2 



(4-MethoxyDiimamoyl)guanidine comprising the structure 

O NH 2 

X 

N NH 2 

- 1 11 




10 



(5-Pheayi.penta-2,^dienoyl)guanidine comprising the structure 

O NH 2 

. X 

N NH 2 




(3-Broinocimjamoyl)giMiiidme comprising the structure 

0 NH 




15 





amdine comprising the structure 
O NH 

X 

NH 2 
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(3-Chlorocinnamoyl)guamdine comprising the structure 

O NH 

^ ^ 1 X 

NH 2 




(2-CMorocinnamoyl)guanidine comprising the structure 

0 NH 

X 

N NH 2 




H 



(2-Bromoci 




oyl)guanidine comprising the. structure 
O NH 

^NH 2 



(2-Memoxyciimamoyl)guanidine comprising the structure 

O NH 

NH 2 




10 (trans-2-Phenylcyclopropanecarbonyl)gnamdine comprising me structure 

O NH © 

X 
N^NH 2 




[3-(3-Pyridyl)aoryloyI]guamdine comprising the structure 

O NH 

^NH 2 
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C4-Hydtoxyctonamoyl)gtiaiiiditte comprising the structure 

O NH 

X 

NH 2 




(Quinoline-2-carbonyI)guanidine comprising the structure 

O NH 2 

X 

NH 2 




(4-Nitrocinnarooyl)guanidme comprising the structure 

O NH 

NH 2 

0 2 N" H 




10 (3-Nitroci 




prising the structure 



W "NH 2 



N0 2 



(2-Ni&ooimiamoyl)guariidine «m 

O NH 

NH 2 



iprising the structure 




15 



WO 2004/112687 PCT/AU2004/000866 

-23- 

(a-Methylcirinanjoyl)guanidine comprising the structure 



O NH 



5 




4-phenylcinnarnoylguanidine comprising the structure . 




3 -(triiluoromethyl)cixmamoylguariidiQe comprising the structure 



0 NH 
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4 -(triflixoromelh.yl)ciniiamoyl guanidine comprising the structure 

O NH 

■Js YTTT 

F 3 cr 




N* 
H 



2-methylcinnamoylguanidine comprising the structure 
CB3 O NH . 

" X 

NH 2 

.a 

H 




2-(trifluoromethyl)cinnamoylguai 
CF 3 O NH 

NH 2 

H 



me comprising the structure 




N 
H 



4-memylcmnamoylguanidme comprisiiig the structure 

O ' NH 

X 

^NH 2 



10 




4-isopropyIcinnatooylguanidine comprising the structure 

O NH 

x 

NH 2 
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3-fluofOcmnamoylguanidine comprising the structure 

0 NH 

A 

XX ^ 

H " 




2-ftuorocumamoylguanidine comprising the structure 

O NH • 

NH 2 

a 

H 

F 




4-fluorocinnamoylguanidine comprising the structure 

O NH 

A 

NH 2 

a 

H 




N' 
H 



■ 

1 0 3,4-dicWorocimamoylguairiditie comprising the structure 




NH 2 



2,4-d^chlorocmnamolyguanjdine comprising the structure 

O NH 

A 

H " 
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2,6-dicMorodmwmoylguanidine comprising the structure 
CI O NH 

X 

NH 2 

H 

CI 




N' 
H 



4-ethoxycinnamoylguanidine comprising the structure 

O NH 

A 



H 3 CH 2 CO 




NH 2 



3,4<me%lenedio^)cinnamoylguaiiidine comprising the structure 

O • NH 

A 




NH: 



2 



10 3-(2-napthyl)acryloylguanidine comprising the structure 

O NH 

A. 



NH 2 




4-t-butylcinnamoylgaanidine comprising the structure 

O NH 

X 

H 3 C^ C ^- H 

H3C" I 
CH 3 




N' 
H 



15 



WO 2004/112687 



PCT/AU2004/000866 



-27- 

3 A5-trmeflioxyciiiiiamoylguaiiidine comprising the structure 

• II IF 
H 3 CO^ ^ ^ A Jl^ 



H 3 CO 




g' ^NH 2 



OCH3 



2-(l-napth.yl)acetoylguanidme comprising the structure 

0 r 

N NH 2 




2,5-dimethylcinnamoylguanidine comprising the structure 

O NH 

g NH 2 



2,3-difhiorocinnamoyiguanidme comprising the structure 

O NH 

N NH 2 





3-phenylci 



• IIKIH 




oylguaoidine comprising the structure 
O NH 

-^NH 2 
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3-(trans-hept-l-en-l-yl)ciimamoylguanidine comprising the structure 

O NH 

A 

NH 2 

£1 

u 




2-efliylciimamoylguatudtee comprising the structure 

O NH 

X 

NH 2 

a 

H 

GH2CH3 




N' 
H 



2-chloro-6-fluorocbmamoylguanidiii6 comprising the structure 
F O NH 

X 
1<S NH 2 




H 



10 



3-t-butylcinnamoylguanidine comprising the structure 

NH 

X 
g NH 2 

H 




H 3 C 



CH 3 



CH 3 
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3,4-difluorocinnamoyiguanidine comprising the structure 

0 X 









H 


F 





5-bromo-2-fluorodiinamoylguaiiidnie comprising the structure 

?\ if 1 

NH 2 




3<trifhwrome1hoxy)cinni^ comprising the structure 

° X 



NH 2 




OCF. 



2-ethoxycinnaraoylguanidirie comprising Hie structure 

O NH 

"^NH 2 



10 




2-t-butylcu 

CHs 



h 3 cl i ha 




loylguanidine comprising the structure 
O NH 

A 

N^NH 2 . 
tl 
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3<cycl(Aex-l-6n-l-yl)ciimamoylguanidin© comprising the sttuctute 

O NH 

A 

NH 2 

H 




m , 

cinnamoylguanidifte hydrochloride comprising the structure 

NH 2 

H 

•HQ 




H 



2A54-tetramemylcmnamoylgiianidine comprising the structure (Bit 134) 
CH 3 O NH 

N-^NH 2 




H 



CH 3 



2n:yclohexylcinnmnoylgiiamdine comprising the structure 



10 




5-biomo.2-memoxycimamoylguanidme comprising the structure 

9 NH 

Br. _ ^ IX 

NH 2 
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2,3 -dimeliylciniiarnoylguarudine comprising the structure 

O NH 

NH 2 

H 

CH 3 




N' 
H 



3-ethoxyci 




oylguanidine comprising the structure 
O NH 

X 

NH 2 



OCH2CH3 
3-isopropylci 



• 1 




oylguanidine hydrochloride comprising the structure 
O NH 
II 

NH 2 



2-phenylciiinamoylguanidine comprising the structure 

O NH 

Jl 

H 




10 



■ 

2-(cyclohex-l -en-lyl)cinnamoylguanidine comprising the structure 

O NH 

A 

NH 2 

H 
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2A6-tfime%lcinnamoylguanidine comprising the structure 
<?H 3 O NH 

mi z 




(5-Phenyl-pentar2,4-dienoyl)guauidine comprising ft© structure 

O NH 

A 

NH 2 




SKS'-broffiophmyl^^a-^dlenoylguanidiue comprismg the structure 

O NH 

A 




10 5<2^bromc^ e nyl) pe nta.2,4Kii e noylgumiidin e comprising the structure 

O NH 

A 
N NH2 




Furanacryloyl comprising the structure 

O NH 
A 

NH 2 
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Preferably, the compounds of toe invention are capable of reducing, retarding or 
otherwise inhibiting viral growth and/or replication. 

Preferably, the antiviral activity of ihe compounds of the invention is against 
viruses such as those belonging to the Lentivirus family, and the Coronovtrus family 
family of viruses. For example, the compounds of the invention exhibit antiviral 
activity against viruses such as Human Immunodeficiency Virus (HIV), Severe Acute 
Respiratory Syndrome virus (SARS), Mouse Hepatitis virus (), and Hepatitis C virus 
(HCV). 

According to a fourth aspect of the present invention, there is provided a 
pharmaceutical composition comprising an antiviral compound according to any one 
of the first, second or third aspects, and optionally one or more pharmaceutical 
acceptable carriers or derivatives, wherein said compound is capable of reducing, 
retarding or otherwise inhibiting viral growth and/or replication. 

Preferably, the antiviral activity of the compounds of the invention is against 
viruses such as those belonging to the Lentivirus family, and the Coronovirus family 
of viruses. For example, the compounds of the invention exhibit antiviral activity 
against viruses such as Human Immunodeficiency Virus (HIV), Severe Acute 
Respiratory Syndrome virus (SARS), Human Coronavirus 229JB, Human Coronavirus 
OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), Porchte 

Respiratory Coronavirus (PRCV), Hepatitis C virus (HCV) and Equine Arteritis 
Virus (EAV). 

Other Coronaviruses which can be inhibited or their infections treated by the 
compounds of toe invention are those listed in Table 1 . 

The compositions of the invention may further comprise one or more known 
antiviral compounds or molecules. 

According to a fifth aspect, there is provided a method for reducing, retarding or 
otherwise inhibiting growth and/or replication of a virus comprising contacting a cell 
infected with said virus or exposed to said virus with a compound according to any 
one of the first, second or third aspects. 

Preferably, the virus is from the Lentivirus family, or the Coronavirus family. 
More preferably, the virus is Human Immunodeficiency Virus (HIV), Severe 
Respiratory Syndrome virus (SARS), Human Coronavirus 229E, Human Coronavirus 



* 
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0C43, Mouse Hepatitis virus CMHV), Bovine Coronavim (BCV), P<>rdne 
Respiratory Coronavirus (PRCV), Mouse Hepatitis virus (MHV), Hepatitis C virus 
(HCV), or Equine Arteritis Virus (BAV). Most preferably, the virus is HIV-1, HIV-2, 
the SARS virus. Coronaviruse 229E, Coronavirus OC43, PRCV, BCV, HCV, or 
EAV. 

Other Coronaviruses which can be inhibited or their infections treated by tire 
compounds of the invention axe those listed in Table 1 . 

According to a sixth aspect, there is provided a method for preventing the 
infection of a cell exposed to a virus comprising contacting said cell with a compound 
according to any one of the first, second or third aspects. 

Preferably, the virus is from the Lentivirus femily, or the Coronavirus family. 
More preferably, the virus is Human Immunodeficiency Virus (HIV), Severe 
Respiratory Syndrome virus (SARS), Human Coronavirus 229E, Human Coronavirus 
OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), Porcine 
Respiratory Coronavirus (PRCV), Mouse Hepatitis virus (MHV), Hepatitis C virus 
(HCV), or Equine Arteritis Virus (EAV). Most preferably, the virus is HIV-1, HIV-2, 
me SARS virus, Coronaviruse 229E, Coronavirus OC43, PRCV, BCV, HCV, EAV. 

Other Coronaviruses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1. 

According to a seventh aspect of the invention, there is provided a method for 
the therapeutic or prophylactic treatment of a subject infected with or exposed to a 
virus, comprising the administration of a compound according to anyone of the first, 
second or third aspects, to a subject in need of said treatment. 

Preferably, infection with a virus or exposure to a virus occurs with viruses 
belonging to the Lentivirus family, or the Coronovirus family. More preferably, 
iitfsction or exposure occurs with HIV, SARS, Human Coronavirus 229B, Human 
Coronavirus OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), 
Porcine Respiratory Coronavirus (PRCV), Hepatitis C virus (HCV), or Equine 
Arteritis Virus (EAV). Most preferably, infection or exposure occurs with HIV-1, 
HTV-2, SARS, Human Coronavirus 229E, Human Coronavirus OC43, Hepatitis C 
virus (HCV), or Equine Arteritis Virus (EAV). 
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Other Coronaviruses which can be Inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1. 

The subject of the viral inhibition is generally a mammal such as but not 
limited to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig), 
companion animal <e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, 
guinea pig, hamster), captive wild animal (e.g. fox, deer). Preferably, the subject is a 
primate, or horse. Most preferably, the subject is a human. 

According to a eighth aspect, mere is provided a method of down regulating a 
membrane ion channel functional activity in a cell infected with a virus, comprising 
contacting said cell with a compound according to any one of the first, second or third 
aspects. 

. The membrane ion channel maybe endogenous to me cell or exogenous to the 
celL 

Preferably, the meml 
regulated is that which L 



ie ion channel of which functional activity is down 
fiviruses, and Coronaviruses utilise for mediating viral - 
replication and include, for example, the HIV membrane ion channel Vpu , the HCV 
membrane ion channel P7, the Coronavirus E protein membrane ion channel, and the 
SARS E protein membrane ion channel. 

Preferably, infection with a virus or exposure to a vims occurs with viruses 
belonging to the Lentivirus femily, or the Coronovirus family. More preferably, 
infection or exposure occurs with HTV, SARS, Human Coronavirus 229E, Human 
Coronavirus OC43, Mouse Hepatitis virus (MHV), Bovine Coronavirus (BCV), 
Porcine Respiratory Coronavirus (PRCV), Hepatitis C vims (HCV), or Equine 
Arteritis Virus (EAV). Most preferably, infection or exposure occurs with HIV-1, 
HIV-2, SARS, Human Coronavirua 229E, Human Coronavirus OC43, Hepatitis C 
virus (HCV), or Equine Arteritis Virus (EAV). 

According to anninth aspect of the present invention, there is provided a method 
of reducing, retarding or otherwise inhibiting growth and/or replication of a virus that 
has infected a cell, said method comprising contacting said infected cell with a 
compound according to any one of me first, second or third aspects, wherein said 
compound down regulates functional activity of a membrane ion channel derived 
from said virus and expressed in said infected cell. 
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Preferably, infection occurs with a virus belonging to the Lentivirns family, or 
the Coronovirns family. More preferably, infection or exposure occurs with HIV 
SARS, Human Coronavirus 229E, Human Coronavirus OC43, Mouse Hepatitis virus 
(MHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus (PRCV), 
Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). Most preferably, infection 
or exposure occurs with HIV-1, HTV-2, SARS, Human Coronavirus 229E, Human 
Coronavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (BAV). 

Other Coronaviruses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1 . 

Preferably, the membrane ion channel of which functional activity is down 
regulated is that which Lentiviruses. and Coronaviruses utilise for mediating viral 
replication and include, for example, the HIV membrane ion channel Vpu , the HCV 
membrane ion channel P7, and the Coronavirus E protein membrane ion channel. 

According to an tenth aspect, the present invention provides a method of 
reducing, retarding or otherwise inhibiting growth and/or replication of a virus mat 
has infected a cell in a mammal, said method comprising administering to said 
mammal a compound according to any one of the first, second or third aspects, or a 
pharmaceutical composition according to the fourth aspect, wherein said compound 
or said composition down regulates functional activity of a membrane ion channel 
expressed in said infected celL 

Preferably, infection occurs with a virus belonging to the Lentivirns family, or 
the Coronovirns family. More preferably, infection or exposure occurs with HIV, 
SARS, Human Coronavirus 229E, Human Coronavirus OC43, Mouse Hepatitis vims 
(MHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus (PRCV), 
Hepatitis C virus (HCV), or Equine Arteritis Virus (BAV). Most preferably, infection 
or exposure occurs with HIV-1, HIV-2, SARS, Human Coronavirus 229E, Human 
Coronavirus OC43, Hepatitis C virus (HCV), or Equine Arteritis Virus (EAV). 

or their infections treated by the 
compounds of the invention are those listed in Tablet. 

Preferably, the membrane ion channel of which functional activity is down 
regulated is that which Lentiviruses, and Coronaviruses utilise for mediating viral 
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replication and include, for example, the HTV membrane ion channel Vpu , the HCV 
membrane ion channel P7, and me Coronavirus E protein membrane ion channel. 

The subject of the viral inhibition is generally a mammal such as but not limited 
to human, primate, livestock animal (eg. sheep, cow, horse, donkey, pig), companion 
5 animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, guinea pig, 
hamster), captive wild animal (e.g. fox, deer). Preferably, the subject is a primate, or 
horse. Most preferably, the subject is a human. 

According to a eleventh aspect, the present invention provides a method for the 
therapeutic or prophylactic treatment of a subject infected with or exposed to a virus 
10 comprising administering*, said subject a compound according to any one of the 
first, second or third aspects, or a pharmaceutical composition according to the fourth 
aspect, wherein said compound or said composition down-regulates functional 
activity of a membrane ion channel derived ftom said virus. 

Preferably, infection occurs with a virus belonging to the Lentivirus family, or 
15 the Coronovirus family of viruses. More preferably, infection or exposure occurs with 
HIV, SARS, Human Coronavirus 229E, Human Coronavirus OC43, Mouse 
virus CMHV), Bovine Coronavirus (BCV), Porcine Respiratory Coronavirus 
Hepatitis C virus (HCV), or Equine Arteritis Virus (BAV). Most preferably, infectic 
or exposure occurs with HTV-1 , HTV-2, SARS', Human Coronavirus 229E, Human 
20 arenavirus OC*3, Hepat^ 

Other Coronavkuses which can be inhibited or their infections treated by the 
compounds of the invention are those listed in Table 1. 

Preferably, the membrane ion channel of which functional activity is down 
regulated is that which Lentiviruses, and Coronaviruses utilise for mediating viral 
replication and include, for example, the HIV membrane ion channel Vpu , the HCV 




25 



membrane ion channel P7. and the Coronavirus E protein membrane ion channel,. 
The subject of the viral inhibition is generally a mammal such as but not limited 



horse, donkey, 
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animal (e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, guinea pig, 
hamster), captive wild animal (e.g. fox, deer). Preferably, the subject is aprimate, or 
horse. Most preferably, the subject is a hui 



WO 2004/112687 



PCT/AU2004/000866 



-38- • 

According to a twelfth aspect, the invention provides an antiviral compound 
selected from the group consisting of: 

N-(3,5-IMamino-6'CMoro-pyra™ 
N-BenzylrNMS^^amino-^ 
3'4 DichloroBenzanril, 

■ 

2*4 DichloioBenzannl, 

5-0^-methyl-N-guamdinocarbonyl-methyl)amibride, 
5-CN-Methyl-N-isobutyl)amiloride, 
5-(N-Ettiyl-N-i8opropyl)amilori( 
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lift! 
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15 



■ 

5-(N f N-hexamefhylene)amiloride > 

5- (N^-Diethyl)aanloride hydrochloride, 

6- Iodomniloride, 
Bodipy-FL amiloride, 
3-hydroxy-5-hexamelhylenei^ 
5-(4-fluorophenyl)amiloiide, 

5- tert-btUylamino-amiloride, 
N-anridino-3-amino-5-phe^ 
3-methoxy-5-(N^-H«amethylene>amiIoride, 
3-methoxy-amiloride, 
hexamethyleneiinino-6-phenyl-2-^^ 
N-amidino*3,5Hiiamino^phen)4-2»pyra2dnecarbi 
1 -naphthoylguanidine, 

2- naphtixoylguanidine, 
N-(2-naphihoyl>l^-phenylgiiaiiidine^ 
N,N , -bis(2-naphthoyl)guaindine, 

■ * 

N^P-bisCl-naphfhoy^guaiiidine, 

« 

N^-his(2-naphthoyl>N ,r -phenylguanidine, , 

6- methoxy-2-naphthoylguanidine, 

3- qninolinoylguanidine, 
cinnamoylguanidine, 

4- phenyIbenzoylguanidtoe, 
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N^cimamoyl)-N i phenylguanidine > 
(3-phenylpropanoyl)gaanidin© p 

. NK3-phenylpropanoyl)-^ 
5 N,W-bis(3phmylprop 

trans-3-furanacryoylguanidine, 
N<6-Hydroxy-2^hthoy^ 
(4-Phenoxybenzoyl)gaanidme, 

N.N'-BisCamidino^pthalen^^-dicarboxanu 
10 ^-Cimamoyl-N^-diphenylguarudiii©, 

CPhmylaoetyl)guamdine, 

N^-Bis(3-phraylpmpanoyl)gimd<Jiiie, 
beazoylguanidine, 

(^C^loix^henoxy-aoetyllguanidine, 
15 N-beiizoyl-N'^iimamoylguaaidine, 

[^>3-(4-Dimethylaminophenyl)-2-m^ 
(4-Oiloroctoamoyl)gaanidin©, 

(4-Bitmiodimamoy^guaiiidine, 

(4-Me1hoxycinnamoyl)guanidine, 
20 (5-Phenyl^enta-2,4^enoyl)guanidine, 

(S-Bromoc^amoyOguanidine, 

(3-Mefliaxycinnamoyl)guaiudinc, 

(3-CMorocttmamoyl)guanidine> 

(2<MorocinnamoyI)guanidme, 
25 (2-Bromocinnamoyl)guamdine. 

(2-MeflioxycinnamoyI)guani(iine, 

(trans-2-PhenylcycIopropanecarbonyl)guanidine, 
P-CS-Pytidyl^ryloyllguaaidine, 
(4-Hydroxyoinnaraoyl)guanidine, 
30 (Qoinoline-2-carbonyi)guanidin©,. 
or phannaceutically acceptable salts thereof. 
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According to a thirteenth aspect, the present invention provides a pharmaceutical 
composition comprising a compound according to the twelfth aspect, and optionally 
one or more pharmaceutical acceptable carriers or derivatives. , 
Preferably, the pharmaceutical composition may further comprise one or more 
5 known antiviral compounds or molecules. 

Unless the context clearly requires otherwise, throughout the description and 
the claims, the words 'comprise', 'comprising', and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 
sense of "including, but not limited to", 

* 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

figure 1 is a schematic representation of plasmids used for expression of Vpu in 
£, colU A. The amino acid sequence ( < 400 > 1) encoded by His vpa open reading 
frame (ORF) generated by PCR from an HIV- 1 strain HXB2 cDNA clone. The vpu 
ORF was cloned in-frame at the 3' end of the GST gene in p2GEX to generate 
15 p2GEXVpu (B). It was subsequently cloned into pPL451 to produce the plasmid pPL 
+ Vpu(C). 



Figure 2 is a photographic representation of the expression and purification of Vpu in 
R co// - A- Western blotting after SDS-PAGE was used to detect expressed Vpu in E. 
coU extracts. Lanes 1-4 contain samples, at various stages of purity, of Vpu expressed 

20 ftom p2GEXVpu: lane 1, GST-Vpu fusion protein isolated by glutathione-agarose 
affinity chromatography; lane 2, Vpu liberated from the fusion protein by treatment 
with thrombin; lane 3, Vpu purified by HPLC anion exchange chromatography; lane 
4, Vpu after passage through the mnnunoaffinity column. Lanes 5 and 6, membrane 
vesicles prepared ftom 42'C induced cells containing pPL+Vpu or pPL451 , 

25 respectively. B. Silver staked SDS-PAGE gel: lane 1, Vpu purified by HPLC anion 
exchange chromatography; lane 2, Vpu after passage through the immunoaffinity 
column. 

Figure 3 is a graphical representation of ion channel activity observed after exposure 
of hpid bilayers to aliquots containing purified Vpu. In A and B, the CIS chamber 
30 contained 500mM NaCl and the TRANS chamber contained 50mM NaCl; both 
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solutions were buffered at pH 6.0 with 10 »M MES. B shows a current versus 
voltage curve generated from data similar to that shown in A. 

Figure 4 is a photographic lepresentation of bacterial cross-feeding assays. For all 
plates, the Met*, Pro" auxotrophic strain was used to seed a soft agar overlay; Plates A 
and B contain minimal drop-out medium ramus proline; in plate C the medium was 
minus methionine. To control for viability of the cells in the background lawn, the 
discs labelled P and M contained added proline or methionine, respectively. The discs 
labelled C and V were inooulated with Met + , Pro* R coli cells containing the 
plasnuds pPL451 or pPL+Vpu, respectively. Plates were incubated at 37«C (A and C) 
orSO'C (B) for two days and photographed above a black background with peripheral 
mumination ftom a fluorescent light located below the plate. The images were 
recorded on a Novahne video gel documentation system. light halos around the discs 
labelled P or M on all plates and around the disc labelled V on plate A indicate 
growth of the background lawn strain. 

Kgure 5 is a graphical representation of the. screening of drugs for potential Vpu 
channel blockers. The photograph shows a section of a minimal medium-lacking 
adenine - agarose plate onto which a lawn of XL-I-blue E. coli cells cemtainmg the 
Vpa expression plasmid pPLVpu has been seeded. Numbers 6-1 1 are located at the 
sites of application of various drugs being tested, which were applied in 31*1 drops and 
allowed to soak into the agarose. The plate was then incubated at 37°C for 48hr prior 
to being photographed. The background grey shade corresponds to areas of no 
bacterial growth. The bright circular area around » 10 "represents bacterial cell 
growth as a result of application of adenine at that location (positive control). The 
smaller halo of bacterial growth around n 9" is due to the appHcation of 5-CKN- 
hexamefhylene>amiloride at mat location. 



30 



Fignre 6. SARS B protein ion channel activity observed in NaCl solutions after 
exposure of lipid bikyer to 3-10ug of B protein. A. The closed state is shown as solid 
line, openings are derivations from the Kne. Scale bar is 300ms and SpA. The CIS 
chamber contained 50mM NaCl in 5mM HEPES buffer pH 7.2, the TRANS chamber 
contained 500mM NaCl in 5mM HBPES buffer pH 7.2. The CIS chamber was . 
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earthed and the TRANS chamber was held at various potentials between -1 00 to 
+100mV. B. Largest single opening events of a single channel. 
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Figure 7. SARS E protein ion channel activity observed in NaCl solutions after 
exposure of lipid bilayer to 3-10ug of E protein. A. The closed state is shown as solid 
line, openings are derivations from the line. Scale bar is 300ms and SpA. The CIS 
chamber contained 50mM NaCl in 5mM HEPES buffer pH 7.2, the TRANS chamber 
contained 500mM NaCl in 5mM HEPES buffer pH 7.2. The CIS chamber was 
earthed and the TRANS chamber was held at various potentials between -100 to 
+100mV. B. Largest single opening events of a single channel. 



Figure 8. Cinnamoylguanidine (Bit036) inhibits SARS E protein ion channel activity 
in NaCl solution. A. Representative currents at holding potential of -40mV, Scale bar 
is 300mS and 5pA. E protein ion channel activity and E protein channel activity after 
we addition of lOOuM Bit036. B. All points histogram at holding potential of- 
40mV. E protein ion channel activity before and after the addition of lOOuM Bit036. 
C. Average current <pA), before formation of E protein ion channel, E protein ion 
channel activity and after addition of 1 OOuM Bit036. 



Figure 9 229E E protein Ion channel activity in lipid bilayers in KC1 solutions. 

Figure 10: Part A shows raw currents generated by the 229E-E protein ion channel 
in a planar lipid bilayer. The top trace shows current activity prior to drug addition 
and the lower trace shows the effect of addition of 100*iM cinnamoylguanidine on 
channel activity. Part Bis a graphical representation of the average current flowing 
across die bilayer (in arbitrary units), before and after addition of 
cinnamoylguanidine. 



el activity in lipid bilayers NaCl solutions. 



Figure 11: MHV E protein Ion chanr 

Figure 12: Part A shows raw currents generated by the MHV-E protein ion channel 
m a planar lipid bilayer. The top trace shows current activity prior to drug addition 
and the lower trace shows the effect of addition of lOOuM cinnamoylguanidine on 
channel activity. Part B is a graphical representatioh of the average current flowing 
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acrosB the bilayer (in arbitrary unite), before and after addition of 

f ^ * 

cimiamoylguanidine. 
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DETAILED DESCRIPTION OF THE INVENTION" 

The present invention is based, in part, on the surprising determination that 
certain compounds that fell tinder the classification of substituted acylgoamdines have 
antiviral activity against viruses from a range of different virus femiKes. Without 
intending to be bound by any particular theory or mechanism of action, the negative 
impact of me compounds of the present invention on viral replication may be 
mediated by the inhibition or otherwise down-regulation of a membrane ion channel 
relied upon by the virus for replication. This membrane ion channel may be a viral 
membrane ion channel (exogenous to the host cell) or a host cell ion channel induced 
as a result of viral infection (endogenous to the host cell). 

As an example, the compounds of the present invention may inhibit Vpu or p7 
function and thereby inhibit the continuation of the respective HIV or HCV life cycle. 

The SARS vims encodes an E protein which is shown for the first time, by the 
present inventors, to act as an ion channel As similar E proteins are present in other 
coronaviruses, the compounds, compositions and methods of the present invention 
would have utility in the inhibition and/or treatment of infections by other 
coronaviruses. 

While the present invention is concerned with novel antiviral compounds 
falling under the classification of substituted aoylguanidines, it does not include in its 
scope the use of compounds 5-(N^-hexamethylene)amiloride and S-(N,N-dimethyl> 
amiloride for retarding, reducing or otherwise inhibiting viral growth and/or 
functional activity of HIV. 

It will be understood by those skilled in the art that the compounds of the 
invention may be administered in the form of a composition or formulation 
comprising pharmaceutically acceptable carriera and excipients. 

The pharmaceutical compositions of the invention may further comprise one or 
more known antiviral compounds or molecules. Preferably, the known antiviral 
compounds are selected from the group consisting of Vidarabine. Acyctovir, 
Ganciclovir, Valgandclovir, Valacyclovir, Cidofovir, Famciclovir, Itfbavirin, 
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Amantadine, Rimantadine, Interferon, Oseltamivir, Palfvizumab, Rimantadine, 
Zanamivir, nucteoside-analog reverse transcriptase inhibitors (NRT1) such as 
Zidovudine, Mdanosine. Zalcitabine, Stavudine, Lamivudioe and Abacavir, non- 
nucleoside reverse transcriptase inhibitors (NNRT1) such as Nevirapine, Delavirdine 
and Eftvirenz, protease inhibitors such as Saquinavir, Ritonavir, Indinavir, 
Nelfinavir, Amprenavir, and other known antiviral compounds and preparations. 
Known antiviral compounds or molecules may in some cases act synergisticaUy with 
the antiviral compounds of the invention. 



10 Table 1 Known coronavirus isolates 
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Chicken enteric coronavirus 



Human coronavirus 



Murine hepatitis virus 



DV3M) 



Murine hepatitis virus (strain A59) 
Murine hepatitis virus (strain JHM) 



Murine hepatitis virus (strain S) 
Murine hepatitis virus strain 1 
Murine hepatitis virus strain 2 



Murine hepatitis virus strain 3 
Murine hepatitis virus strain 4 



Murine hepatitis virus strain ML-1 1 

Porcine heamgglutinating encephalomyelitis v irus 



Porcine hemagglutinating encephalomyelitis virus (strain 67N1 



Porcine hemagglutinatiiig encephalomyelitis vims (strain IAJF-404) 
Puffinosis virus 



Rat coronavirus 

Rat coronavirus (strain 681 

Rat coronavirus (strain 

Rat sjalodacryoadenitis corcmavirus 



Groap 3 species 



coronavirus 



Turkey coronavirus (strain Indiana'! 
Turkey coronavirus (strain Minnesota* 



Avian infectious bronchitis virus (strain p4i) 
Avian infectious bronchitis virus (strain DE072) 
Avian infectious bronchitis virus (strain GRA! 
Avian infectious bronchitis virus (strain H12(X 
Avian infections bronchitis virus (strain H521 
Avian infectious bronchitis virus (strain KB8S23) 



Avian infectious bronchitis virus (strain M41) 



Avian infectious bronchitis virus (strain PORTUGAL/322/82) 
Avian infectious bronchitis virus (strain SAIB20 N 
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Avian infectious bronchitis virus (strain UK/123/82, 
Avian infectious bronchitis virus (strain UK/142/86) 
Avian infectious bronchitis virus (strain UK/1 67/84) 



Avian infectious bronchitis virus (strain UK/183/66) 



Avian infectious bronchitis virus (strain UK/68/8 4' 
Avian infectious bronchitis virus (strain VI 8/91) 



bronchitis 

Avian infectious laryngottach eitis virus 
[Pre liminary Group 4 species 
SARS coronavirus 



SARS coronavirus Beijin g ZY-2003 
SARS coronavirus BJ01 
SARS coronavirus BJ02 



SARS coremavirus B JQ3 

SARS coronavirus BJQ4 

SARS coronavirus CUHK-Sul O 
SARS coronavirus CUHK-W1 



SARS CQXOnavirus Frgnlcfiii* J 

SARS coronavirus GZ01 

SARS coronavirus HKU-39849 

SARS coronavirus Hong Kong ZY-2003 
SARS coronavirus Hong KongflB^Ore 
SARS coronavirus HSR 1 



SARS coronavirus Sin2679 



SARS coronavirus Sin2748 
SARS coronavirus Sin277<l 



SARS coronavirus Taiwan 

SARS coronavirus Taiwan JC-2 003 
SARS coronavirus Taiwan TCI 
SARS coronavirus Taiwan TC2 
SARS coronavirus Tor2 



SARS 



Equine 
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findings now 

certain substituted acylguamdines, as anti-viral agents for Iheth^y^dpro^ylaxis 
of v*al conditions caused by different viruses. The methods and compositions of the 
present invention may be particularly effective against viruses which rely on ion 
channel formation for their relation, however it will be understood that this is not 
the only mechanismrelied on by viruses for replication and that the compounds and 
methods of the present invention are not limited to agents which exert their action by 
- retarding or inhibiting the function of ion channels. 

Reference to .«membrane ion channel" should be understood as a reference to a 
structure which transports ions across a membrane. The present invention extends to 
ion channels which may function by means such as passive, osmotic, active or 
exchange transport. The ion channel may be formed by intracellular or extracellular 
means. For example, the ion channel may be an ion channel which is naturally formed 
by a cell to facilitate its normal functioning, Alternatively, the ion channel maybe 
fonned by extracellular means. Extracellular means would include, for example the 
formation of ion channels due to introduced chemicals, drugs or other agents such as 
lonophores or due to the functional activity of viral proteins encoded by a virus which 
has entered a cell. 

The ion channels which are the sttbj ect of certain embodiments of the present 
invention facilitate the transport of ions across membranes. Said membrane may be 
any membrane and is not limited to the outer cell wall plasma membrane. 
Accordingly, "membrane" as used herein encompasses the membrane mounding 
any cellular organelle, such as the Golgi apparatus and endoplasmic reticulum, the 
outer cell membrane, the membrane surrounding any foreign antigen which is located 
within the cell (for example, a viral envelope) or the membrane of aforeign organism 
which is located extracellularly. The membrane is typically, but not necessarily, 
composed of a fluid lipid bilayer. The subject ion channel may be of any structure. 
For example, the Vpn ion channel is formed by Vpu which is an integral membrane 
protein encoded by HIV-1 which associates with, for example, the Golgi and 
endoplasmic reticulum membranes of infected cells. Reference hereinafter to "V™ 
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ion channels" is a reference to all related ion channels for example P7 HCV and M2 
of influenza and the like. 

Reference to "HIV". "SARS", "Coronavirus" or "HCV" should he understood e 
areference to any HIV, SARS, Coronavirus or HCV virus strain and including 
5 homologies and mutants. 

Reference to the "functional activity" of an ion channel should he understood as 

' a reference to any one or more of the functions which an ion channel performs or is 

involved in. For example, the Vpu protein encoded ion channel, in addition to 

facilitating the transportation of Na + , K*, Cf and P0 4 3 \ also plays a role in Ihe 

10 degradation of the CD4 molecule in tiie endoplasmic reticulum. Without wishing to 

be hound by a particular theory, the Vpu protein encoded ion channel is also thought 

to play a role in mediating the HTV life cycle. The present invention is not limited to 

treating HTV infection via the mechanism of inhibiting the HTV life cycle and, in 

. particular, HTV replication. Rather, the present invention should be understood to 

15 encompass any mechanism by which the compounds of the present invention exert 

their anti-viral activity and may include inhibition of HTV viability or functional 

activity. This also applies to HCV. Coronaviruses, and to other viruses. 

Reference to the "functional activity" of a virus should be understood as a 

reference to any one or more of the functions which a virus performs or is involved 
20 in. 

• ♦ 

Reference to the " viral replication" should he understood to include any one or 
more stages or aspects of the viral life cycle, such as inhibiting the assembly or 
release of virions. Ion channel mediation of viral replication may be by direct or 
indirect means. Said ion channel mediation is by direct means if the ion channel 

25 interacts directly with the virion at any one or more of its life cycle stages. Said ion 
channel mediation is indirect if it interacts with a molecule other than those of the 
virion, which other molecule either directly or indirectly modulates any one or more 
aspects or stages of the viral life cycle. Accordingly, the method of the present 
invention encompasses the mediation of viral replication via the induction of a 

30 cascade of steps which lead to the mediation of any one or more aspects or stages of 
the viral life cycle. 
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Reference to "down-regulating' ion channel functional activity, should be 
understood as a reference to the partial or complete inhibition of any one or more 
aspects of said activity by both direct and indirect mechanisms. For example, a 
suitable agent may interact directly with an ion channel to prevent replication of a 

>ly. may act indirectly to prevent said replication by, for example, 
interacting with a molecule other than an ion channel. A further alternative is that ' 
said other molecule interacts with and inhibits the activity of the ion channel. 

Screening for molecules that have antiviral activity can be achieved by the range 
of methodologies described herein. 

Reference to a "cell" infected with a virus should be understood as a reference to 
any cell, prokaryotic or eukatyotic, which has been infected with a virus. This 
includes, for example, immortal or primary cell lines, bacterial cultures and cells in 
situ, hi a suitable screening system for antiviral compounds, me preferred infected 
cells would be niacrephages/monocytes or hepatocytes/lymphoid ceils infected with 
either HIV or HCV respectively. 

Without limiting the present invention to any one theory or mode of action, 
the compounds of the present invention are thought to inhibit viral replication or 
virion release from cells by causing ion channels, namely VPU of HIV, the E protein 
ofSARS and other Coronaviruses, or P7ofHCV to become blocked. The present 
invention encompasses antiviral compounds that are substituted acylguanidines. 

The present invention also includes the use of compounds 5-(N,N- 

hexamemylene)amfloride and 5-(N^-dimethyl)-amiloride in the control of viral 
replication and/or growth other than HTV. 

The subject of the viral inhibition is generally a mammal such as but not 
limited to human, primate, Irvestock aniinm (e.g. sheep, cow, horse, donkey, pi^ 
con^on animal <e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, ' 
guinea pig, hamster), captive wild animal (e.g. fox. deer). Preferably, the subject is a 
human or primate. Most preferably, the subject is a human. 

The method of the present invention is useful in the treatment and prophylaxis 
of viral infection such as, for example, but not limited to HTV infection, HCV 
infection and other viral infections. For example, the antiviral activity may be 
effected in subjects known to be infected with HTV in order to prevent replication of 
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BIV thereby preventing the onset of AIDS. Alternatively, the method of the present 
invention maybe used to reduce serum viral load or to alleviate viral infection 
symptoms. Similarly, antiviral treatment may be effected in subjects known to be - 
infected with, for example, HCV, in order to prevent replication of HCV, thereby 
preventing the former hepatocyte involvement and the ultimate degeneration of liver 
tissue. 

The method of the present invention may be particularly useful either in the 
early stages of viral infection to prevent the establishment of a viral reservoir in 
affected cells or as a prophylactic treatment to be applied immediately prior to or for 
a period after exposure to a possible source of virus. 

Reference herein to "therapeutic" and "prophylactic" is to be considered in 
theh broadest contexts. The term 'therapeutic" does not necessarily imply that a 

al is treated until total recovery. Similarly, "prophylactic" does not necessarily 
mean mat me subject will not eventually contract a disease condition. Accordingly, 
15 - therapy and prophylaxis include amelioration of the symptoms of a particular 
condition or preventing or otherwise reducing the risk of developing a particular 
condition. The term "prophylaxis" may be considered as reducing the severity of 
onset of aparticular condition. Therapy may also reduce the severity of an existing 
condition or the frequency of acute attacks. 

In accordance with the methods of the present invention, more than one 
compound or composition maybe co-administered wilh one or more other 
compounds, such as known anti-viral compounds or molecules. By "co- 
administered" is meant simultaneous adininistration in the same formulation or in two 
different formulations via the same or different routes or sequential administration by 
foe same or different routes. By "sequential" administration is meant a time difference 
of from seconds, minutes, hours or days between foe administration of foe two or 

more separate compounds. The subject antiviral compounds may be administered in 
any order. 

■ 

Routes of administration include but are not limited to intravenously, 
intraperitionealy, subcutaneously, intracranialy, intradermally, intramuscularly, 
intraocularly, mtrafoecaly, intracerebral^ intranasal!^ transmucosally, by infusion, 
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orally, rectally, via iv drip, patch and implant. Intravenous routes are particularly 
preferred. 

Compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) and sterile powders for the extemporaneous preparation of 
sterile injectable solutions. The carrier can be a solvent or dispersion medium 
containing, for example, water, emanol, polyol (for example, glycerol, propylene 
glycol and liquidpolyethylene glycol, and the like), suitable mixtures thereof and 
vegetable oils. The prevention of the action of microorganisms can be brought about 
by various antibacterial and antifungal agents, for example, parabens, cWorobutanol, 
Phenol, sorbic acid, thinnerosal and the like. * many cases, it will be preferable to 
tnchide isotonic agents, for example, sugars or sodium chloride. Prolonged absorption 
of the injectable compositions can be brought about by the use in the compositions of 
agents delaying absorption, for example, ahuninum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active 
compounds in the required amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by, for example, filter 
sterilization or sterilization by other appropriate means. Dispersions are also 
contemplated and these may be prepared by incorporating the various sterilized active 
ingredients into a sterile vehicle which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, a preferred method of 
preparation includes vacuum drying and the ff eeze-drying technique which yield a 
powder of the active ingredient plus any additional desired ingredient from a 
previously sterfle-fflteied solution. 

When the active ingredients are suitably protected, they may be orally 
ahmmstered, for example, with an inert diluent or with an assimilable edible carrier 
or rtmay be enclosed inhard or soft shell gelatin capsule, or itmay be compressed ' 
into tablets. For oral therapeutic administration, the active compound may be 
incorporated with exdpients and used in the form of ingestible tablets, buccal tablets, 
troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such 
compositions and preparations should contain at least 0.01 % by weight, more 
preferably 0.1% by weight, even more preferably 1% by weight of active compound 
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The percentage of the compositions and preparations may, of course, be varied and 
may conveniently be between about 1 to about 99%, more preferably about 2 to about 
90 %, even more preferably about 5 to about 80% of the weight of the unit The 
amount of active compound in such therapeutically useful compositions in such that a 
suitable dosage will be obtained. Preferred compositions or preparations according to 
the present invention are prepared so that an oral dosage unit form contains between 
about 0.1 ng and 2000 mg of active compound 

The tablets, troches, pills, capsules and the like may also contain the 
components as listed hereafter: A binder such as gum, acacia, com starch or gelatin; 
excipients such as dicalcium phosphate; a disintegrating agent such as com starch, 
potato starch, alginic acid and the like; a lubricant such as magnesium stearate; and a 
sweetening agent such as sucrose, lactose or saccharin may be added or a 
agent such as peppermint, oil of winteigreen, or cherry flavouring. "When the dosage 
unit form is a capsule, it may contain, in addition to materials of the above type, a 
liquid carrier. Various other materials may be present as coatings or to otherwise 
modify the physical form of the dosage unit For instance, tablets, pills, or capsules 
may be coated with shellac, sugar or both. A syrup or elixir may contain the active 
compound, sucrose as a sweetening agent, methyl and propylparabens as 
preservatives, a dye and flavouring such as cherry or orange flavour. Any material 
used in preparing any dosage unit form should be pharmaceutically pure and 

tially non-toxic in the amounts employed. In addition, the active compound(s) 
may be incorporated into sustained-release preparations and formulations. 

The present invention also extends to forms suitable for topical application 
such as creams, lotions and gels. In such forma, the anti-clotting peptides may need to 
be modified to permit penetration of the surface barrier. Procedures for the 
preparation of dosage unit forms and topical preparations are readily available to 
those skilled in the art from texts such as Pharmaceutical Handbook A MartinddJe 

Companion Volume Ed. Ainley Wade Nineteenth Edition The Pharmaceutical Press 
London, 

CRC Handbook of Chemistry and Physics Ed Robert C Weast Ph D. CRC Press 
Inc.; Goodman and Oilman's; The Pharmacological basis of Therapeutics. Ninth Ed. 
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McGraw Hill; Remington; and The Science and Practice of Pharmacy. Nineteenth 
Ed. Ed. Alfonso R. Gennaro Mack Publishing Co. Easton Pennsylvania. 

Pharmaceutical^ acceptable carriers and/or diluents include any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such media and agents for 
pharmaceutical^ active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active ingredient, use thereof in 
the therapeutic compositions is contemplated Supplementary active ingredients can 
also be incorporated into the compositions. 

» is especially advantageous to formulate parenteral compositions in dosage 
unit form for ease of administration and uniformity of dosage. Dosageunit fonn as 
used herein refers to physically discrete units suited as unitary dosages for the 
mammalian subjects to be treated; each unit containing a predetermined quantity of 
active material calculated to produce the desired therapeutic effect in association with 
the required pharmaceutical carrier. The specification for the novel dosage unit forms 
of the invention are dictated by and directly dependent on (a) the unique 
characteristics of the active material and the particular therapeutic effect to be 
achieved and (b) the limitations inherent in the art of compounding. 

Effective amounts contemplated by the present invention will vary depending 
on the severity of the pain and the health and age of foe recipient m general terms, 
effective amounts may vary from 0.01 ng/kg body weight to about tOO mg/kg body 
weight. 

Alternative amounts include for about 0. 1 ng/kg body weight about 100 
mg/kg body weight or from 1.0ng/kg body weight to about 80 mg/kg body weight 

The subject of the viral inhibition is generally a mammal such as but not 
limited to human, primate, livestock animal (e.g. sheep, cow, horse, donkey, pig), 
companion animal <e.g. dog, cat), laboratory test animal (e.g. mouse, rabbit, rat, ' 
guinea pig, hamster), captive wild animal (e.g. fox, deer). Preferably, the subject is a 
human or primate. Most preferably, the subject is a human. 

The methods of the present invention is useful in the treatment a^ 
prophylaxis of viral infection such as, for example, but not limited to HtV infection, 
HCV infection and other viral infections. For example, the antiviral activity may be. 
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effected in subjects known to be infected with HIV In order to prevent replication of 
HTV thereby preventing the oaset of AIDS. Alternatively, the methods of the present 
invention may be used to reduce serum viral load or to alleviate viral infection 
symptoms. Similarly, antiviral treatment may be effected in subjects known to be 
infected with, for example, HCV, in order to prevent replication of HCV, thereby 
preventing the further hepatocyte involvement and the ultimate degeneration of liver 
tissue. 

The methods of the present invention may be particularly useful either in the 
early stages of viral infection to prevent the establishment of a viral reservoir in 
affeoted cells or as a prophylactic treatment to be applied immediately prior to or for 
a period after exposure to a possible source of virus. 

The present invention will now be described in more detail with reference to 
specific but non-limiting examples describing studies of viral membrane ion channels 
and screening for antiviral activity. Some examples involve the use of the SARS 
virus. It will be clear from the description herein that other lentiviruses, and 
coronaviruses and other compounds maybe used effectively in the context of the 
present invention. It is to be understood, however, that the detailed description is 
included solely for the purpose of exemplifying the present invention. It should not be 
understood in any way as a restriction on the broad description of the invention as set 
out above. 



* 

sample 1. Synthesis of the Compounds of the Invention. 



The compounds of the present invention may be made from the corresponding 
acid chlorides or methyl esters as shown in Scheme 1. Both of these methods are well 
ibed in the literature* 
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The following examples show synthetic schemes for 
invention. 



some compounds of the 



Example 2» ft 
chloride 



Is of 



imovlmianldine from rtmiamic arirt 




i.VJi 
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To a solution of fr^mnamic add (1.50 & 1 0.12 mmol) in dry benzene 
<30mL) containing a drop ofW-dimethylformamide was added oxalyl chloride 
(5. 14 g, 40.5 mmol) causing the solution to effervesce. After rofluxing for 2 h, the 
solution was evaporated to dryness under reduced pressure. The resulting solid was 
dissolved in dry tetrahydroftmm (20mL) and added slowly to a solution of guanidine 
hydrochloride in2M aqueous sodium hydroxide (25mL). The reaction was stirred at 
loom temperature for lh men extracted with ethyl acetate (SxSOmL). The combined 
extracts were dried over magnesium sulfide and evaporated to give an orange oil. The 
crude product was purified by column chromatography Elution with 1 0% to 20% 
methanol m dichloromethane gave Cinnamoylguanidine as a cream solid (0.S29 g, 



43%), 
Example a 



'thesis of W. 



Parti 



6-chloro-2-i 



lecarl 



imldi 



25 




To a solution of methyl a-anuno-S.^cMoro^-pyrazinecarboxylate (0 444 & 
2.0 mmol) in tetrahydrofuran (5 mL) / water (10 mL) / toluene (20 mL) was added 
Phenyl boionic acid (0.536 g, 4.4 mmol), sodium carbonate (0.699 g, 6.6 mmol) and 
tetratos(triphmylphos P hine> paUadium(0) (0.1 16 g, 0.10 mmol). Tbe reaction was 
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evacuated and purged with nitrogen several times before being refluxed for 6 h. The 
organic layer was separated and the aqueous layer extracted with toluene (3 x 20 mL). 
The combined organic extracts were dried over magnesium sulfate, filtered and 
evaporated under reduced pressure to give methyl 3-amino-6-chloro-5- 
phenyl-2-pyrazinecarboxylate as a yellow solid (0.43 g, 82%). 



Part 2 
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methanol 




To a solution of sodium (0.040 g, 1.74 mmol) dissolved in methanol (5 mL) 
was added guariidme hydrochloride (0.258 g, 2.70 mmol) and the mixture refluxed 
for 30 min after which it was filtered. To the filtrate was added methyl 3-amino-6- 
chiow>-5-phenyl.2-pyrazmecarboxylate (0.264 g, 1.0 mmol) in N,N- 
dimemylformamide (5 mL) and the solution heated at 75oC for 12 h. The solvent was 
removed under reduced pressure and the residue chromatographed on silica gel 







Illl 





Lethane. The resulting solid 
was suspended in chloroform, filtered and dried under high vacuum to give tf- 



g, 14%). 
Example 4. 

tthesis pjQysgamgjhyjgnj 
Parti 



-2-pyrazinecarboxamide 



razmccarboyamlrift 



-O 



TBP 



o 



To a solution of methyl 3.ammo-5,6HficWoro.2^yrazmecarboxylate (1 . 1 1 g, 
5.0 mmol) in tetrahydrofuran (SO mL) was added hexamemykneimine (1.49 g. l5.o' 
mmol) and the reaction was refluxed for 1 h. The reaction was allowed to cool and 
the solid hexamemyleneimine hydrochloride removedby filtration. The filtrate was 
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evaporated and the residue chromatographed over silica gel. Elutibn with 
dichloromethane gave methyl 3-ammo-6-cMoro-5~hexamethykneimino-2- 
pyrazineearboxylate as an off-white solid (1.20 g, 85%). 



5 Part 2 
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15 




DMSO 




To a solution of methyl 3-amino-6-chloro-5-hexamethyleneimino-2-- 
pyrazineearboxylate (0.350g, 1.23 mmol) in dimefhylsulfoxide (5 mL) was added 
phenyl boronic acid (0.166 g, 135 mmol), potassium carbonate (0.511 g, 3.70 mmol) 
and [l,l-bis(diphenylphosphi>M5)fe^ 

complex (0.041 g, 0.05 mmol). The reaction was heated at 90.C fbr 16 h before being 
poured into water (50mL) and extracted with ethyl acetate (3 x 50mL). The combined 
extracts were dried over magnesium sulfate, filtered and evaporated to give a brown 

* 

oil which was purified by chromatography on silica gel. Ehmon with 

dichloromethane followed by 10% ethyl acetate/dichloromefhane gave methyl 3- 

(wino-5-kexcunethyleneimtno-6-phenyl-2-pyra^^ as a yellow solid 

(0.309 g, 77%). 
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Part 3. 




NaG&fe/MeOH/THF 




To a solution of sodium (0.090 g, 6.17 mmol) dissolved in methanol (8 mL) 
was added guanidine hydrochloride (0.598 g, 6.26 mmol) and the mixture was 
refluxed for 30 min after which it was filtered. To the filtrate was added methyl 3- 
ammo-5-hexamemyleneimmo-6-ph^ (0.310 g, 0.95 mmol) 

in tetrahydrofuran (10 mL) and the solution refluxed for 72 h. The solvent was 
removed under reduced pressure and the residue chromatographed on silica gel. 
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Elution with 5% methmoVdichloromethaiie gave N-amidino-3-amino-5. 

a8 a yellow soM 

35%). * v ' * 
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Sample S . Viral Rin M** 

tstrnetfon pTrjWjnjbimint nTasni.VIs containing n 
varions vi ms proteins. 

Complimentary DNA (cDNA) fragments for the various viral proteins listed 
m Table 2 were obtained either by PGR amplification from a parental virus genome 
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IS 



the open reading frame & 
clone of an Nde I fragment of the HIV-1 genome (isolate HXB^ McFarfme Burnet 
Centre, Melbourne, Australia) as follows: Native Pfu DNA polymerase (Stratagene- 
0.035 U//D) was chosen to catalyse the PCR reaction to minimise possible PCR 
introduced errors by virtue of the enzyme's proofreading activity. The 5', sense 



pnmer 



'AfiOMnSATGCAACCTATACC (<400 >2) introduces aBamHl site 
dined) for cloning in-frame wifo the 3' end of the GST gene in P 2GEX (41) 
Ibis primer also repairs the start codon (bold T replaces a Q of foe vpu gene which is 



a threonine codon in foe HXB2 isolate. The 3«, antisense, primer 
TO20AAITLTACAGATCAT CAAC (< 400 > 3) introduce an EcoRl site 
(underlined) to foe other end of foe PGR product to facilitate cloning. After 30 cycles 
of 94«C for 45 sec, 55'C for 1 min and 72°C for 1 min in 0.5 ml thin-walled 
eppendorf tubes in a Perkin-Ehner thennocycler, foe 268bp fragment was purified, 
digested wifo BamHl and EcoRl and ligated to P 2GEX prepared by digestion wifo the 
same two enzymes. The resultant recombinant plasmid is illustrated in Fig lb. The 
entireVpu open reading frame and foe BamHl and EcoRl ligation sites were 
sequenced by cycle sequencing, using foe Applied Biosystems dye-temiinator kit to 
confirm the DNA sequence. Other cDNAs were synthesised for us using state of foe 
art methods by GenScript Corporation (New Jersey, USA). Codon sequences were 
optimised for expression in bacterial, insect or mammalian cells, as appropriate. 
Restriction endonuclease enzyme recognition sites were incorporated at the 5' and 3 • 
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ends of the synthetic cDNAs to facilitate cloning into plaamid expression vectors 
PCDNA3.1, pFastBac and pPL451 for expression of the encoded virus proteins in' 
mammalian, insect or bacterial cells, respectively. 

Standard techniques of molecular biology were used in cloning experiments. For 
example, to prepare the Vpu open reading frame for insertion into the pPL45l 
expression plasmid, p2GBXVpu was first digested with BamHI and the 5' base 
overhang was filled in the Klenow DNA polymerase in the presence of dNTPs. The 
Vpu-encoding fragment was then liberated by digestion with EcoRl, purified from an 
agarose gel and ligated into pPL4 5 1 which had been digested with Hpal and EcoRl 
Western blots subsequently confirmed that the pPL Vpu construct (Fig lc) expressed 
Vpu after induction of cultures at 42'C to inactivate the CI857 repressor of the PR and 
PL promoters. 



Table 2 Source of viral cDNA or peptide sequences. 




Vptt 

SARS-CoV E pr otein 
HCVp7 
MHV-K protein 



229EE protein 
Dengue M protein 



HIV-1 

SARS coronavirus 
Hepatites C virus H77 la 
Murine hepatitis virus 



Human coronavirus 229E 
Dengue virus type 1 



Strain or Sequence 
Accession number 



P59637 



NP7S1922 
MP 068673 



NP 073554 



Strain Singapore S275/90 
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ixamole 6. P^rjgcaapn of Rgconjfelnjfli Vnn gam e. con. 
Cultures ofi?. colt strain XLI-blue cells containing p2GEXV P u were grown at 30°C 
with vigorous aeration in LB medium supplemented with glucose (6g/L) and 
ampicilhn (50mg/L) to a density of approximately 250 Klett units, at which time 
1PTG was added to a final concentration of O.OlmM and growth was continued for a 
further 4hr. The final culture density was approximately 280 Klett units. Since early 
experiments revealed that toe majority of expressed GST^Vpu fusion protein was 
associated with both the cell debris and 30 membrane fractions, the method of 
Varadhachary and Maloney (Varadhachary and Maloney, 1990) was adopted to 
isolate osmotically disrupted cell ghosts (combining both cell debris and membrane 
fractions) for theinitial purification steps. Cells were harvested, washed, weighed and 
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resuspended to 1 Oml/g wet weight in MTPBS containing DTT (ImM) and MgCl 2 
(lOmM). Lysozyme (0.3 mg/ml; chicken egg white; Sigma) was added and incubatec 
on ice for 30 min with gentle agitation followed by 5 min at 37'C. The osmotically 
sensitised cells were pelleted at 12,000g and resuspended to the original volume in 
water to burst the cells. The suspension was then made up to IxMTPBS/DTT using a 
lOx buffer stock and the ghosts were isolated by centrifugation and resuspended in 
MTPBS/DTT to which was then sequentially added glycerol (to 20 % wtfvol) and 
CHAPS (to 2 % wt/vol) to give a final volume of one quarter the original volume. 
This mixture was stirred on ice for 1 hr and then centrifuged at 400,000g for Ihr to 
remove insoluble material. The GST-Vpu fusion protein was purified from the 
detergent extract by affinity chromatography on a glutathione agarose resin (Sigma). 
The resin was thoroughly washed in 50mM Trie pH 7.5 containing glycerol (5 %), 
DTT (ImM), and CHAPS (0.5 %) (Buffer A) and then the Vpu portion of the fusion 
protein was liberated and ehited from the resin-bound GST by treatment of a 50% 
(wv) suspension of the beads with human thrombin a00U/ml; 37°C for lhr). PMSF 
(QJmM) was added to the eluant to elmrinate any remaining thrombin activity. This 
Vpu fraction was further purified on a column of MA7Q anion exchange resin 

attached to a BioRad HPLC and eluted with a linear NaCl gradient (0-2M) in buffer 
A. 

20 The Vpu was purified to homogeneity - as determined on silver stained gals - on an 
inmranoaffimty column as follows: HPLC fractions containing Vpu were desalted on 
a NAP 25 column (Pharmacia) into buffer A and then mixed with the antibody- 
agarose beads for lhr at room temperature. The beads were washed thoroughly and 
Vpu was eluted by increasing the salt concentration to 2M. Protein was quantitated 

25 using the BioRad dye binding assay. 
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30 



Examnl 



iression and Pririf fcatfon of Vpu fa E.ColL 
The plasmid p2GEXVpu (Fig. 1) was constructed to create an in-frame gene fusion 
between the GST and Vpu open-reading frames. This system enabled IPTG-inducibh 



expression of the Vpu polypeptide fused to the C-terminus of GST and allowed 
purification of the fusion protein by affinity chromatography on glutathione agarose. 
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Optimal levels of GST-Vpu expression were obtained by growing the cultures at 
30°C to a cell density of approximately 250-300 Klett units and inducing with low 
levels of IPTG (O.OlmM). To purity the GST-Vpu, a combined cellular fraction 
containing the cell debris and plasma membrane was prepared by lysozyme treatmer 
of the induced cells followed by a low-speed centeifugation. Approximately 50% of 
the GST-Vpu protein could be solubilised from this fraction using the zwitterionic 
detergent CHAPS. Affinity chromatography using glutathione-agarose beads was 
used to enrich the fusion protein and thrombin was used to cleave the fusion protein 
at the high affinity thrombin site between the fusion partners, liberating Vpu (Fig. 
2A). hi fractions eluted from the anion exchange column Vpu was the major protein 
visible on silver stained gels (Fig. 2B, lane 1). Finally, Vpu was purified to apparent 
homogeneity on an immunoaffinity column (Fig. 2B, lane 2). TheN-termmal amino 
acid sequence of the protein band (excised from SDS-PAGE gels) corresponding to 
the immunodetected protein confirmed its identity as Vmi 
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Ixample 8. Recongtftojggn, of Vim in Phospholipid Vegfow 
ProteoHposornes containing Vpu were prepared by the detergent dilution method 
(New, 1990). A mixture of lipids (PE:PC:PS; 5:3:2; hug total lipid) dissolved in . 
chloroform was dried under a stream of nitrogen gas and resuspended in 0.1 ml of 
potassium phosphate buffer (50mM pH 7.4) containing DTT (ImM). A 25pl aliquot 
containing purified Vpu was added, followed by octylglu<x>side to a final 

ration of 1. 25 % (wt/vol). This mixture was subject to three rounds of 
freezing in liquid nitrogen, thawing and sonication in a bath type sonicator (20-30 
sec) and was men rapidly diluted into 200 volumes of the potassium phosphate buffer. 
ProteoHposornes were collected by centrifugation at 400,000g for Ihr and resuspended 
in approximately 150pl of phosphate buffer. 

* 

• ■ 

* 

Example 9. Assaying Vi >n Ion Channel Activity 

Purified Vpu was tested for its ability to induce channel activity in planar lipid 
bilayere using standard techniques as described elsewhere (Miller, 1986; and Filler et 
al, 199$). The solutions in the CIS and TRANS chambers were separated by a 
Dehm™ plastic wall containing a small circular hole of approximately 100pm 
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diameter across which a lipid bilayer was pafoted so as to form a high ^stance 
electrical seal. Bilayera were painted from a mixture (8:2) of pahnitoyl-oleoly- 
Phosphatidyl^thanolamine and pahnitoyl-oleolyphosphatidyl-choline (Avanti Polar 
Lrpids, Alabaster, Alabama) in n-decane. The solutions in the two chambers 

contamedMES br^aOnM.pH 6.0) to which various NaC! orKCl concentrations 
were added. Currents were recorded with an Axopatch™ 200 amplifier. The electrical 
potential between the two chaa 
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(TRANS relative to grounded CIS). Aliquots containing Vpu were added to the CIS 
chamber either as a detergent solution or after mcorpwation of the protein into 
10 phospholipid vesicles, The chamber was stirred until currents were observed. 

Forma Ton Chjfflngjg 
To assay for ior^ehannel formation by Vpu, restitution into planar lipid 
bilayers was performed. When samples (containing between 7 and 70ng of protein) of 
purified recombinant Vpu were added to the 1ml of buffer in the CIS chamber of the 
bilayer apparatus, current fluctuations were detected after periods of stirring that 
varied from 2 to 30 min (Kg. 3). This time taken to observe channel activity - 
approximately correlated with the amount of protein added to the chamber No 
channels were detected when control buffer aliquots or control lipid v»«*» were 
added to foe CIS chamber. In those control experiments the chambers could be stirred 
20. for more than an hour without appearance of channel activity. 

* 

sample 11. Pjmier^ofj^eV] 

Channel activity was observed in over 40 individual experiments whh Vpu 
s^ples prepared from five independent purifications. In different experiments the 
amplitude of the currents varied over a large range and. again, seemed to 
25 approximately correlate with the amount of protein added. The smallest and largest 
channels measured had conductances of 14 p S and 280 p S , respectively. The channels 
were consistently smaller when lipid vesicles containing Vpu were prepared and 
fused to the bilayer rather than when purified protein in detergent solution was added. 
Thi* may be because the former method included treatment with high concentrations 
30 of detergent and a dilution step that may have favoured the breakdown of large 
aggregates into monomers. 
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The relationship between current amplitude and voltage was li 

4 - 
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15 



mdthe 

_ - ^uuona containing a ten-fold gradient of Nad (SOOmM CIS- 

5QmM TRANS) was + 3QmV (Fig. 3B). A similar reversal potential was obtained ' 
when solutions contained KCl instead of NaCl. in 5 experiments with either NaCl or 
KCI in the solutions on either side of the membrane, the average reversal potential 
was 31 .0 + /-1.2mV (+/-SEM). This is more negative than expected for a channel 
selectively permeable for the cations alone. Using ion activities in the Goldman- 
Hodgkin-Katz equation gives a P NB /p 8 , ratio of about 5.5 indicating that the channels 
are also permeable to chloride ions. An attempt was made to reduce the anion anient 
by ^substituting phosphate for chloride ions. When a Na-phosphate gradient (1 50mM 
Na & lOOmMphosphateCIS; 1 5mM Na + & lQmM phosphate TRANS, pH 6.8) was 
used instead of the NaCl gradient, the reversal potential was 37.1 +/- 0.2 ( + /-sem, 
again a cation/anion penneabflityratio of about 5. (For calculations 

mvotving the phosphate solutions, the summed activities of the mono and bivalent 
anions were used and it was assumed that the two species were equally permeable) 
The current-voltage curve now exhibited rectification that was not seen in the NaCl 
solutions. It can be concluded that the channels formed by Vpu are equally permeably 

to Na and K + and are also permeable, though to a lesser extant, to chloride as well as 
phosphate ions* 
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This bio-assay is based on the observation that expression of Vpu in K coli 
in an active Vpu channel located in the plasnialemma that dissipates the 
embrane sodium gradient As a consequence of tins Vpu channel activity 
metabolites whose accumulation within the cells is mediated by a sodium dependent 
co-transporter (for example proline or adenine) leak out of the cell faster man they 
can be synfhesised so that the metabolites' intraceflular levels become limiting for 
*owth of the cell. Thereby, an K coli cell expressing Vpu is unable to g^w in 
nummal drop-out media lacking adenine or proline. However, in the presence of a 
drug that blocks the Vpu channel, the cell is once again able to x^establish its 

gradient - due to the action of other ion pumps in the 
rane - and the leakage of metabolites is prevented enabling growth. 
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Experiments to demonstrate that Vpu can form sodium channels in the plasma 
brane of J?, cott were performed as follows. 



WztU 



To express unfused Vpu in E.coli, the vpu open-reading frame was cloned 
into the plasmid pPL45 1 to create the recombinant plasmid pPL-Vpu (Fig. lb), ih tfai s 
vector the strong P L and P R lambda promoters are used to drive expression of Vpu 
under control of the temperature sensitive cl S57 represser, such that when grown at 
30°C expression is tightly repressed and can be induced by raising the temperature to 
between 37»C and 42'C. On agar plates, cells containing pPL-Vpu grew when 
incubated at 30«C and 37«C but not at 42°C. while control strains grew well at 42'C. 
Liquid cultures of cells contammgpPL-Vpu were grown at 30'C to OD 6QO =0.84 then 
moved to grow at 42"C for two hours (the final cell density was OD m =0. 7S ). The 
plasma membrane fraction was prepared and western blotting, using an antibody that 
specifically binds to the C-termmus of Vpu, detected a single band at approximately 
lfifcDa, indicating that Vpu was expressed and associated with the membranes (Fig 
2A lane 5). 



Example 1 3. Cross-Tfo ding kvp^i 
*esi 



Oil 



ants Reveal That Proline Leaks Chit nfr, 



25 



30 



wp^oxpronnenyi?. coff is well characterised and active transport of the 
amino acid into the cells is known to use the sodium gradient as the energy source 
(Yamato et al, 1994). To detect whether proline leakage occurs, foe following cross 
feeing assay was used: A lawn of an£ coli strain auxotrophic for proline and 
methionine (Mef Pro"), was seeded and poured as a soft agar overlay on minimal 
drop-out media plates lacking proline but containing methionine. Sterile porous filt, 
discs were inoculated withaMet + Pro + strain (XL-1 blue) containing either the 
pPL4Sl control plasmid or pPL-Vpu and placed onto the soft agar. The pl ate3 were 
then incubated at 37«C or 30>C for two days. After than time a halo growth of the 
Mef Pro' strain was clearly visible surrounding the disc inoculated with the cells 
containing pPL-Vpu incubated at 3 7'C (Fig. 4A). This growth can only be due to fo 
leakage of proline from the Vpu-expressing cells on the disc. No such leakage was 
apparent from the control strain at 37«C nor around either strain on plates grown at 
30*C (Fig. 4B). 
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In contrast to proline transport, the B. coli methionine permease is known to 
belong to the ABC transporter family (Rosen, 1987) and hence be energised by ATP. 
Identical crossfeeding experiments to those described above were set us except that " 
the Met' Pro strain was spread on minimal drop-out plates lacking methionine but 
containing proline. No growth of this strain was evident . around any of the discs (Fig. 
4C), indicating that methionine was not leaking out of the XL-1 blue cells even when 
Vpu was being expressed* 

Example 14, E.Coli Cells re pressing Vp , g.^ (Vdenin 
Medium for Growth, " 

It was observed that, due to an unoharacterised mutation in the adenine 
synthesis pathway, growth of R coli cells of Ihe XLl-blue strain expressing Vpu at 
37 ° C was dependant on the presence of adenine in the medium. This allowed the 
development of an even simpler bioassay for Vpu ion-channel activity than the 
proline cross-feeding assay described above: A lawn of XLl-bhie cells containing the 
pPL-Vpu plasmid is seeded onto an agarose plate lacking adenine in the medium, 
small aliquots of drugs to be tested for inhibition of the Vpu channel are spotted onto 
the agarose in discrete locations and the plates are incubated at 37°C for a suitable 
period of time (12-36 hours). Halos of growth around a particular drug application 
site indicate that the drug has inhibited expression of the Vpu ion channel activity that 
prevents growth in the absence of the drag. (Figure 5). 
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Example 15 

Assay of Co mi 
Activity 
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were characterized for their ability to block Vpu ion channel 
activity reconstituted into planar lipid bilayers. Vpu N-ternnnal peptide (residues 1- 
32) dissolved in trifluoroefhanol was added to the CIS chamber of the bilayer 
apparatus and the solutions was stirred until ion currents were observed, indicating 
incorporation of one or more Vpu ion channels into the bilayer. After recording the 
channel activity for a few minutes, drugs were added to the solutions in the CIS and 
TRANS chambers - with stirring - to a final concentration of 1 OO^M. Channel 
activity was then recorded for at least a further three minutes and the effect of drug 
addition on ion current was determined by comparing the channel activity before and 
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after drug addition. For each experiment^ drug effect wag classified into four 
categories: "Stong block", if current was inhibited approximately 90-100%; "weak 
block", approx. 50-90«/o inhibition; "partial block", <50%; and "no effect". * 
Experiments were disregarded if currents larger than ±50pA were generated after 
addition of Vpu N-peptide because in such cases it is possible that non-native peptide 
aggregatescontributetobilayerbreakdown. Such aggregates, by virtue of their 
disorganized structure may not be specifically blocked by the drugs at the 
concentrations tested. 
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Tables summarises the results of the bilayer experiments. A novel outcome of these 
exigents was the strong blocking of Vpu channels observed withPhenamil. 
Phenamil has a phenyl group derivative at the guamdine group ofamiloride. 
Amiloiide itself is hot a blocker of Vpu, whereas addition of the hexamethylene 

an of the pyrazine ring created a structure (HMA) that blocks the 



Mir 


foil 















iuhs aa iow as zsyim. rnese new results with Phenamil, 
however, now show that a bulky hydrophobic derivative at the opposite end of the 
molecule can also turn amiloride into an effective Vpu channel blocker. Interestingly, 
benzamil, with a very similar structure was much less effective at blocking the Vpu 
channel. 



Table 3: Si 



any of Compounds Inhibiting the Vpu Ion Channel in Bilayers 




Compound 



No, of 
Expts. 



Results 




Phenamil 
MIA 
Benzamil 
EPA 
HMA 

(S-Phenyl-penta^-dienoy^gu 
6-metlioxy-2-naphthoylguatjidine 
(2-Chlorocinnamoyl)guanidine 
3<trifhioromethyl)ciimamoylguamdin 



e 



3 
2 

10 

3 

1 

6 
5 
6 
5 



3x Strong block 
lx Strong block; lx weak 
3x partial block; 7x no effect 
3x weak block; 
lx Strong block; 
6x strong block 
5x strong block 
4x strong; 2x partial blocks 
4x strong blocks; lx no effect 
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N-{5-[3-(5-Guanidino-pentyloxymethyl> 
benzyloxy]-pentyl}-guanidine 

4- phenylbenzoylguanidine 
3-memyieiimamoyIguamdke 

(3-ChIorocixmainoyl)gua3iidma 

N-(3-phmylpropanoyl)-N'- 

pheaylguaradine 

(3 -3nomocianamoyl)guamdui© 

N-aniidino-3-aniino-5-phenyl-6-cbloto-2- 
pyrazmecarboxamide 

3-methoxy -HMA 

5- CN-Methyl-N-isobutyl)amiIoride 

5-(N-Efhyl-N-isopropyl)amiloride 
2-napthoylguEmidiiiQ 

N^T-bis(3pheny^>ropanoyl)-N"- 
phenylguanidine 

rannamoylguanidin© 



4 
3 
4 

4" 

1 
3 
3 



3 
3 
1 
1 
7 

7 
3 
6 



3x strong block; lx no effect 
3x strong block 
2x strong block; 2x partial 
2x strong block; 2x partial 

lx strong blocks 

3x partial-strong block 

3x partial block 

3x partial block 
3x partial block 
lx partial block 
lx partial block 
7x weak block 

i 

7x weak block 
3x weak block 
ox strong block 
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The halos of growth around the site of application of particular drugs - as 
described in example 14- were given a score between zero and six reflecting the size 
and density of the zone of bacterial cell growth. Scores greater than 3 represent 
strong inhibition of the V P u protein; scores between 1.5 and 3 represent moderate 
mhibiuon and scores between 0.01 and 1.5 represent fair inhibition. 

Table 4 lists the scores for inhibition of Vpn protein in the bacterial bio-assay. 
Table 4 



Compou nd 

p-CWorocinnamoyl)guanidine 
'3-Bromochniamoyigttanidine 

.2-Chlosrocnmamoy^gnanidine 
2-Bromo cinnamoyl) gu ani dine 

-(trifluoromethyQcnmamoylguanidine 



Vpn Inhibition 
(score /# of times 
teste 

438/4 
4.3/24 
4.0/4 
3.7/2 
3.7/2 
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5- bromo-2-fluoxocimianioylguanidine 

3- m©thylcitinataoylguanidine 
2-methylcinnamoylguaiiidine 
2»3-dimethyIcimamoylguani^ 
ckmamoylguanidine 

6- meftioxy-2-naphthoylguanidine 
trans-3-(l -n^thyl)acryloylguanidine 
3AdicWorodniiamoylguaiudine 

2,6-dKcUorocnmamoylguamdine 

4- phenyIbenzoylguanidine 

2-ethylcinnamoylguanidine 

(4-CMorocianamoyl)guamdin© 

2- napthoylgqtaoidirie 

2,5-dlmethyIciitaamoylguaiiidiiie 

3- isopropyldmamoylguamdine hydrochloride 
CS-Phenyl-penta-2,4-dieiioyl)gflaiiidine 
3-pheayldnnamoylguanidi^e 
C4-Bromocitinamoyl)gua2ildiiie 

H3^bromophenyI)penta-2,4-dieiK)ylguaiiid^ 
3-(cyclohex-l -en-l-yl)cinnamoylguanidine 



2-(triflucmxme*hyl)c^ 
N>NM>is(3phenyfrropanoy^ 
2-efhoxyciimamoylguanidine 
N-(3-phenylpix^anoyl).N , -phenylg^ 
4-(ta£hioromethyl)ciianamoylguanidin^ 
C4-Metfaoxvdim^ovn |m^<ti^ 

2-t-butylcitma33aoylguaniditte 

4- methylcimiamoylguanidlno 
2-fl^orocinnamoylguanidiiie 

2- phenylcinnainoylguanidme 
N-(6-Hydroxy-2.napthoyl)-N'-phenylgua] 

3- t-butyldmiamoyiguatiidine 
3,4^fluoix)cuii^oylguamdine 

5- (N»N--hexamofiiyIeiie)amfloride 
3-fIuoiocimiainoyIguanidine 

5-bramo-2-medioxyciimamjoylguanidin 
3^fhoxycumamoylguTOidine 
3,4-(metoylene<tto^ 

C2-Methoxydiniamoyl)guairidiiie 
2% DichloroBenzamil HC1 
2^5,6,-tetiamethyIciii^^ 

3- (2-n^%l)acryloylguanidine 
2-(l.Mpthy!)acetoylguairidine 
23^ifluorocinnamoylguarddine 
(3-Methoxycinnamoyl)guanidine 

4- isopiopylciiniamoylguanidine 




* 
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K-(dimamoyl)->rphenyl§uanidiiie 



2-(2.na5>fhyl)acetoylguamdine 

(4^Hy<Jio^climamoyl)gu^dine 

4-phenyloiiinamoylguanidiae 

4- fluorocinnarnoylguanidine 

(2-Furanacryloyl)guamdine 
Phenamil methanesulfonato salt 
Benzamil hydrochloride 

C3-Mtrocinnamoyl)guaiiidrne 
Benzyoylguanidine 

(4-Phwoxybeozoyl)guanidlne 

3 -(trans-h ept- 1 -en- 1 -yl) ciimamoyl guanidine 

5- CN^M^l-N45obutyl)amiloride 
2-cyoIohexylcinnainoyiguaiiidine 

4- ethoxycinnamoylguanidinc 
2 ? 4-dichlorocimamolygnanidine - 

5- (K-E%l-N-isc^rc^yl)amiIari 
N-amidino-3-ainlno-5-hexam^^ 

2- pyrazinecarboxamide 

(a-Methyldnnamoyl)guamdine 
riimamoylguanidine hydrochloride 
[(4-CMorqphei^ 

^amidino-3-a3rano-5-phenyl-6-chloro-2- 
pyrazinecarboxamide 

S-(4-flu(ttophsnyl)amiloride 

(traa5-2-Phenylcyclopropanecarbonyl)guanidiii{ 
(2-Nitrocicnamoyl)guanidine 

Furanacryoylguanidin© 
ylguamdino 

5-tert-butylamino-amiloride 

3- methoxy -HMA 



(3-phenylpropanoyl)gi 

4- t^bntyleianamoyiguamdiQe 

5- (N^Sf-Dimethyl)amiloride hydrochloride 
W-Bis(3-phenylpropanoyI)guanidiiie 
N-Benzoyl-^-cnmamoylguanidine 
l-bromo-2-napthoylguanidine 



125/3 
I Oil 
1.19/2 
1.1/2 
1.1/2 
1.1/2 
0.94/2 
0.94/2 
0.9/5 
0.9/3 
0.9/1 
0.88/2 
0.81/2 
0.81/2 
0.8/2 
0.8/2 
0.69/2 
0.63/2 
0.6/3 

0.6/2 
0.6/2 
0.6/2 
0.56/2 

• 

0.5/11 
0.4/6 
0.4/2 
0.4/2 

0.38/2 
0.3/2 
0.2/7 
0.2/4 
0.2/4 

0.19/2 

0.1/2 

0.1/2 

0.06/2 

0.06/2 



17. Effect of ComDonnds on HIV Replication in Human 
Macrophages. 

Human monocytes were isolated from peripheral hlood and cultured either for 
24hr (one day old monocytes) or for 7 days to allow differentiation into monocyte 
derived macrophages (MDM). These cells were then exposed to cell-free preparations 
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of HIV isolates and allowed to absorb for 2hr before complete aspiration of the 
medium, washing once with virus-free medium and resuspension in fresh medium. 
The cells were exposed to various concentration of compound either 24 nr prior to 
infection or after infection. Subsequent HTV replication, at various times after 
5 infection, was compared in cells exposed to drags and in cells not exposed to drugs 
(controls). The progression and extent of viral replication was assayed using either an 
HTV DNA PCR method (Fear et rf. 1998) or an ELTSA method to quantity p24 in 
culture supernatanis (Kelly et al, 1998). 

Table 5 provides examples of results obtained using tins assay and test 
10 antiviral compounds. 



Table 5 
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le IS. SARS Cbronayjnis 



tern forms ai 



Chi 



25 



30 



'eotide Svntl 

peptide corresponding to the full-length 
Uibani) E protein (MYSFVSEETGTLIVNSVLIJIAFVVFLLVTl^TALRLCA 
YCC1WWSLVKPTVYVYSRVKNLNSSEGVPDLLV) and a second peptide 
comprising the first 40 amino acids of the full length E protein which correspond to 
the transmembrane domain (MYSFVSEETGTLIVNSVLLFLAFWF ' 
LLVTLAJLTALRLC) were synthesized manually using FMOC chemistry and solid 
phase peptide synthesis The synthesis was done at the Biomolecular Resource 
Facility (John Curtin School of Medical Research, ANU, Australia) using a 
Symphony 11 Peptide Synthesiser from Protein Technologies Inc.(Tucson, AZ, USA) 
according to the manufacturers instructions. 

Example 10 , Peptide nnrificatiog 

Mass spectral analysis of the synthetic peptide revealed that the preparation 
contained significant amounts of material with lower mlz ratio than expected for the 
mil-length product The majority of these are presumably truncated peptides 
generated during the peptide synthesis process. To enrich the full-length E protein, 
the follo^g procedure was used, which relies on differential solubility of the 
smaller molecules and full-length peptide. The crude preparation was suspended at 12 
mg/ml in 70% CH 3 CN, 0. 1 %TFA and vortexed for 1 0 minutes. This suspension was 
«*trifuged at lO.OOOg for 10 minutes at 20»C. The supernatant was discarded and 
the insoluble fractions was extracted with 70% CEfeCN, 0.1 % TFA, as above, two 
moretimes. The insoluble material containing the E protein was dried using ' 
Speedvac an the weight of the final product was used to calculate the yield The 
purified peptide was analysed by Broker Omniflex MALDI-TOF mass spectrometry 
m HABA matrix at 2.5mg/ml in methanol at a 1:1 ratio and spectra were obtained in 
thepositivehnearmode. A clear peat at m/z ratio of 8,360.1 was seen as expected for 
the calculated molecular weight of full-length 
E protein. 



■ ■ill 
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Example in. Planar T AiM Bjja jgjs 

The SARS virus B protein was resumed at lmg/ml in 2,2^trifluoroethanoL The 
SARS virus Epmtem's ability to form ion channels was tested on a Warner (Warner 
instruments, mc. 1 125 Dixwell Avenue, Hamden, CT 06514) bilayer rig as follows- A 
lipidmix of 3:1:1, l-Palmitoyl-2-oleolyl phosphatidyl Emanolaniine: l-Palnritoyl-2- 
oleolyl phosphatidyl Serine: l-Pahnitoyl-2-oleolyl phosphatidyl choline in CHC1 3 
was dried under N 2 gas and resuspended to 50mg/ml in n-decane. Bilayers were 
painted across a circular hole of approximately 100^ diameter in a Delrin™ cup 
separating aqueous solution in the CIS and TRANS chambers. The CIS chamber 
contained a solution of 500mM NaCl or KC1, in a 5mM HBPES buffer pH 72, the 
TRANS chamber contained a solution of 50mM NaCl or KC1, in a 5mM HEPES 
buflerpH 7.2. Silver electrodes coated in chloride with 2% agarose bridges are placed 
m the CIS and TRANS chamber solutions. The SARS E protein full-length or N- 
terminal peptides (3-1 Oug) were added to the CIS chamber, which was stirred until 
channel activity was detected. The CIS chamber was earthed and the TRANS 

iber was held at various holding potentials ranging between +100 to -100mV 
^nrrents were recorded using a Warner model BD-525D amplifier, filtered at 1kHz. 
sampling at 5 kHz and digitally recorded on the hard disk of a PC using software 
developed in house. 

Drugs to be tested tor their ability to inhibit SARS E protein ion channel 
activityweremadcupatStm^m^^ For 
experiments testing the ability of compounds to inhibit E protein ion channel activity 
100 pM to 400 hM of compound was added to the CIS chamber while stirring for 3o' 
seconds. Bilayer currents were recorded before channel activity, during channel 
25 activity and after the addition of the drug. 

Among the compounds tested was cmnamoylguanidine (Bit036), a compound 
which was shown in earlier experiments to be antiviral and to inhibit ion channel 
proteins from other viruses. 
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Example 20.1. Polvam-vtami de mi alerti^phoresta 

Purified E protein was dissolved to 1 mg/ml, 5 mg/ml and 10 mg/ml in, 6 M 
Urea, 10% Glycerol, S% SDS, 500 mM DTT, 0.002% Bromophenol Blue, 62.5 mM 
Tns HC1 (pH 8.3). Peptides in solutions were heated at 1 00°C for 20 minutes before 
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30 nL samples were run on stacking gel 4-20% (Gradipore). SeeBlue® pre-stained 
standard (Invitrogen) was used for molecular weight markers. 

Example 20,2 R»cnl*c 

To test if the SARS E protein forms ion channels the purified synthetic 
peptide was reconstituted into planar lipid bilayers (21). Typically, 3 jig of SARS 

t the CIS chamber, while stirring. This CIS chambea 

contained 500 mM NaCl and the TRANS chamber contained 50 mM NaCl. In 60 
experiments, ion currants due to SARS E protein ion channel activity were ob served 
after about 5 -15 minutes of stirring. Activity was detected more rapidly and reliably 
with a holding potential of approximately-lOOmV across the bilayer. Currents 
recorded at-lOOmV. (A) and at-60mV (B) in one of these experiments are shown in 
Figure 6. hi that experiment the reversal potential was about +48mV and the channel 
conductances were calculated to be 52pS and 26pS, respectively. This indicates that 
the current-voltage (IV) relationship is not linear, In ten other experiments, where no 
protein was added to the CIS chamber, no ion channel activity was detected, even 
after recording for over 1 hour. 

Figure 7a shows typical current traces recorded oyer a range of potentials in NaCl 
solutions. In that experiment the direction of current flow reversed at +48mV (Fig 
7b). The IV curve shows that at the lower voltages the average current flow across the 
bilayer is small but at higher potentials there is an increase in average current across 
the bilayer. resulting in a non-linear IV relationship, m seven independent 
experiments, the average reversal potential was +483 ± 2.3 mV (mean ± 1SBM), 
indicating that the channels were about 37 times more permeable to Na+ ion than" to 
CT ions. The reversal potential is close to the Na+ equilibrium potential (+S3mV), 
therefore the channel is selective for Na+ ions. For these 7 experiments the channel 
conductance varied between 95-164 pS; the average conductance was 130 ± 13 pS. 

SARS E protein ion channel is slightly less selectivity for K + ions than Na* ions. 
Figure 8b shows recording of currents in KC1 solutions at a range of potentials. In 
this experiment the currents reversed at +31 mV. . In seven similar experiments E 
protein ion channel average reversal potential was +34.5 ± 2.5 mV. Therefore the 
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lons. In seven experiments, Hie channel conduc 
pS, the average conductance was 83.4 ± 26 pS. 
Similar results were obtained with a second ™ 



r 









• Mill 



~ — — : ^-icraunai peptide" 

(21). The average reversal potential in NaCl solution in four experiments was +46 3 



channel 



1111163 m0re Permeable to Na+ ion than to CI- ions. The SARS E protein N-terminal 
peptade was sufficient for the formation of ion channels with properties like those of 
the full length SARS E protein. Therefore, the selectivity filter for the SARS E 
protem is most likely contained within the first forty amino acids of the N-terminal 
SARS E protein N-terminal peptide also formed ion channels in KC1 solution that 
were similarly selective for K+ ions compared to me full-length E protein. Infive 
independent experiments the average channel reversal potential was +39.5 ± 3 6 mV 
therefore the channel is about 1 1 times more permeable to KL + ions than CI" ions ' 
SDS-PAGE of thepurified full-length E protein peptide showed bands 
to the foil-length E protein (Datanot shown). Larger bands of varying size ^ , 
about 20 kDa were detected, suggesting that SARS E protein may form homo- 
oligomers. 
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E protem ion channel activity in Nad solutions was significantly reduced 
®> 0 01, n=6 experiments) by addition of 1 00 to 200 uM cinnamoylguanidine to the 
CIS chamber. The average current across the bilayer was reduced to baseline by 
lOO^M cinnamoylguanidine. In experiments when E protein ion channels had higher 
conductance, 100 to 200 mM ciui^oulgoanidine reduced foe average current ac 
the bilayer about 4 fold, Similarly, in four other experiments. 100 to 200 uM 
cmnamoylgoamdme blocked channels formed by full-length E protein in KC1 
solutions, in two additional experiments, the SARS E protein N-terminal peptide 
blocked by 100 to 200 yM cmnamoylguanidine. demonstrating that the 
cinuamoylguanidine drug-binding site is located within the first forty amino acids of 
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thoEptotdn^tem^domBin. Other compounds tested in bilayers for their effect 
on the SAKS E piptein are shown in below in Table 6. 



Table 6 



Compound 

5-(K,N-he?cmethylesae)amiloride 



6-methoxy-2-naphthoylgnamdine 



2'4 DichloroBenzamil HQ 
NJfrT4>is(3phenylpio^^ 



w 


IT 







(3-Bromocinnamoyl)guani dine 
(2-Bromocinnamoyl)fiuanidjne 



me 



trans-3-(l-napthyl)acjvlovlgaaiiidfaft 



% Reduction of are; 
current by 100 
91 ±7 



92 ±16 
78±_0 
88 ±6 
87 ± 11 
88i6 



66±2 



10 
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20 
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mple 21.1 Rranjtg ggfl 

We have shown that SARS B protein can form ion cl 

* 

ranes. The ion currents reversed at positive potentials, which 
E protein ion channels are selective for monovalent cations over mo 
E protein Ion channels were about 37 times more selective for Na+ ions over Cl-ions 
and about 7.2 times more selective for Kf ions over Cl- ions. In over 60 experiments 
me Na+ conductance of the E protein ion channel varied fiom as low as 26 pS to as 
as 164 pS. SDS-PAGE showed that the E protein forms homo-oligomers, and w, 
ised that the larger conductances were probably due to aggregation of the E 
protein peptide leading to larger ion channels or the synchronous opening of many 



ion channels. Singled 



iel currents were observed in several experiments and from 
these the channel conductance was calculated to be voltage dependent. 

The first 40 amino acids of the N-terminal which contains the hydrophobic 
domain of the SARS virus B protein is sufficient for the formation of ion channels on 
planar lipid bilayers. The N-terminal B protein ion channel has the 
and conductance as the full-length E protein ion channel. 

The SARS virus fhll length E protein ion channel activity and N-terminal 
domain E protein ion channel activity on planar lipid bilayers in NaCl and KC1 
solutions was inhibited by addition of between IOOmM to 2o6nM 
ciimamoylguamdine to the CIS chamber, mWbition or partial inhibition of the E 



same selectivity 
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protein ion el 



tel activity by cinnamoylguanidine has been observed in seven 
^dependent experiments in NaCI solution and four independent experiments in KCI 
solution. 

AD known coronaviruses encode an E protein with a hydrophobic N-termmus 
transmembrane domain therefore all coronaviruses E proteins could form ion 
channels on planar lipid bilayers. This indicates that the B protein could be a suitable 
target for antiviral drugs and potentially stop the spread of coronavirus from infected 
host cells. Drugs that block the E protein ion channel could be effective antiviral 
therapy for the treatment of several significant human and veterinary coronavirus 
diseases including BARS and the common cold. 
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Potential S, 



i-CoVE protein Ton Channel i H hihi> B acterial r>n 

A bio-assay of SARS-CoV E protein function in bacterial cells was developed. A 
synthetic cDNA fragment encoding SARS-CoV B protein was cloned into the 
expression plasmid pPL45 1, creating a vector in which E protein expression is 
temperature inducible, as described in Example 4. Inhibition of the growth of E.coli 
cells expressing E protein at 37*C was observed as an indicator of p7 ion channel 
function dissipating the normal Na+ gradient maintained by the bacterial cells. 



25 



Example 23. Comp m 
eoronavims E protein. 



icn 



using the ggcjerjaj Bio-Assay for saps 



The halos of growth around the site of application of particular drugs - as described 
in example 14 - were scored as decribed in example 1 5. 

TJMe 7 lists the scores for inhibition of SARS-CoV E protein in the bacterial bio- 



30 assay. 
Table 7 



S ARSE protein 
Inhibition 

(score / # 
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,3-difluorocinnamoylguaniduie 
1,4-^cMorocinnamoyJguanidine 
4-t-i>utylciimamoylguanidine 
3-(2-napthyI)aciyloylguairidiiie 
(3-Chlorocinn^oyl)gu^diiie 

3- (cyclohex-l-m-l ^yQc Wmoylguanidine 
2,5-^methylcamamoylguanidine 

Jans-3-(l-napthyl)acryloyIguaiiidme 

4- isopropylcimiamoylguaiiidiQe 
(3 -Bromo cinnamoyl)guanidine 

6-methoxy-2-naphfhoylguanidnie 

5- (N-MefliytN-isobiityI)amiloride 
3-phenylcfamamoylguamdme 

(2-Chlorocinnamoyl)guanidiiie 
2'4 DichloroBenzamil HC1 

1-phenylcionamoylguawdine 

~(ttfluoromethyl)ciimamoyIguanidbie 
^-ttotluoromethoxy)ciniiamoylguaiiidine 

3- (tnfluoromethyl)ciimamoylguaiiidine 
-ethoxydnnamoylguanidine 

oylgaanidine hydrochloride 

- — ™ycinnamoylguanidrae 
'2-Bromocmnamoyr)guanidrne 
J,6-dicMorocinnamoylguanidine 

,4^-irinwlhoxycinnamoylgHamdine 
-tert-butylamioo-amiloride 

-t-butyldnnamoylguanidme 

-b^o-2-fluorodimamoylguatddine 
[L4-LMoroouiiiamoyI)guaiu'diiie 
■t-butylciimamoylguanidine 

«yclohexyl<aimamoylguanidine 
■Iodoamiloride 

<trans-hept- 1 -en- l-yl)cirmamoy]guanidine 

4- Bromochmaraoyl)guanidine 
:4-Hydroxycinnamoyl)guatddine 

<3 : phenylpropanoyl)-N , -pherkylguanidine 
NitrocittnamoyOguamdioe 
-fluorocinnamoylguaridine 
-(l-napthyl)aoetoyiguanidine 
-ethylcinnamoylguanidine 

^^-Dimefthyl)ainiloride hydrochloride 
2-napthoylguanidirie 

5-C4-fl«orophenyi)attiilorida 
l2-C^oromethyl)cinnmoylguamdine 
t ( ^^^^ na P & °yWi>Jbi©nylguanidme 
j^-^Hxrayloyolopropanecaibony^guamditiB 
n^i -oi8(3pheaylpropanoyl)-N"-pheny]eu{-- - 
1-napthoylguanidine 



4.50/1 

4.15/2 
4.00/1 
. 3.88 / 1 

3.87/3 
3:75 / 1 
3.63/1 
3.38/2 
3.16/2 
3.15/27 
3.13/3 
3,13/2 
3.13 / 1 
3.1/3 
3.00/2 
2.75/2 
2.75/1 
2.71 / 1 
2.67/1 
2.57 / 1 
2.50/1 
2.48/2 
2.47/3 
225/1 
2.25/1 
2.01/2 
2.00/1 
2.00 / 1 
1.94/2 
1.86/1 
1.83/1 
1.75/2 
1.71 / 1 

1.69/2 

1.63/2 

1.57/2 

1.51/2 

1.50/1 

1.50/1 

1.50/1 

1.38/2 

1.38/2 

1.38/1 
1.38/1 
1.35/3 
1.34/3 
1.33/3 
1.32/3 
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Benzamil hydrochloride 

3- methoxy -HMA 

4- methylcainiamoyIguanidhie 

4- fluoiociimainoylguaiiidiiie 

3,4-(methylenedioxy)cipMmoylguairidine 

5- (N,N-hoxamethylfln©)airriloride 
N<cinnamoyl)-N , phenylguanidine 
5-(N-EthyKN4sopropyl)amiIoride 

3- methylciniiamQylgaaiudine 
-methylciimamoylguanidine 

3,5,6,-t^amelhylciimamoylgiiamdine 
^s-3-Froanactyoylguanidiii0 

(4-Methoxydnnatnoyl)guaiudine 
(2-Furana<ayloyl)guanidiiie 
C3-pheny^>ropanoyl)guanidine 
2-(2-n^thyl)acetoylguanidirie 
piroamoylguanidm© 

(2-Methoxyciimainoyl)guanidthie 
[3-(3-Pyridyl)acryloyl]guanidine 

4- phenylben2oylguanidine 

2,4-<ficMorocinaamolyguaddine 
(3VMethoxycini^ 

2-fluoiocinnaitioylgaaiudine 

C4-Pheaoxybenzoyl)guanidiae 

Ca«Methylciimamoyl)guamdine 

5- (3 r -bmmoph«nyl)penta-2>dienoylgiiamdino 

(5-Phenyl-penta~2»4-dienoyl)guanidtoe 
(QirinoIiiie-2-c8] " 



• 


n 




• 




1 


l « 


in 



toe 



e 



N^-Bis(anndino)n^^ 
k_i — — n .napthoylguanidine 
napthoylguarddine 

2^hIorcH6-fluo^ 

[(4-Chloropheiioxy^acetylJguanidine 
Phenamil methanesulfonate salt 

N-Benzoyl-N , ^rinnamoylgaa 



NT-(2-oaDthoyn-N , -t)hmiY 1 ^ a "^^ a 



L32/2 
1.25/1 
1.25 / 1 
1.25/1 
1.25 / 1 
L2/3 
1.19/2 
1.07/2 
1.00/1 
1.00/1 
L00 / 1 
0.88/2 
0.88/2 
0.82 /2 
0.73 / 5 
0.71 / 1 

0.69/3 
0.69/2 
0.67/3 
0.63/2 
0.63 / 2 
.0.63/2 
0.63 / 1 
0.57 /2 
0.50 / 1 
0.5/1 
0.44/2 
0.41 / 1 
0.32 / 3 
0.25/2 

0.25/1 
0.25/1 

055/1 
0.19/2 
0.13/2 
0.13/2 
0.07 12 



Example 24. SARS Airnvftal Assay im- 
iARS coronavirns (SAttS-i 



laiast replication oj 



Compounds were tested against SARS-CoV (Hong Kong strain) using 
plaque purified three times in Veto cells. Stock virus was generated by infecting 
Vero cells at MOI = 1* TClDso per 100 cells. 

Example 24.1 Screening for anti-viral activity using «i» 



virus 



IS mlcrotitre asstn 
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i 

grown in 2Scm 2 :flasks were infected at a 

multiplicity of l :50 and treated immediately post infection with compounds at two 
concentrations, lOuM and 2uM. A control infected monolayer remained untreated. 
Samples of culture media were taken at 48 hours post infection. Two aliquots from 
each on. samples (titrations 1 and 2) were serially log diluted and 12 replicates of 
log dtiutiona -4 to -7 added to cells in microtitre plates. Four days later, wells in the 
mmrotto* plates were scored for cytopathio effect (CPB) and the titration values 
calculated based on the number of CPB positive wells at the 4 dilutions. Control 
utres were 4.8 and S.9 TCH> 50 x 10* (average 5.35 x 10*) 

Example 25: Effect of compounds in g 



Three selected compounds were tested for activity against SARS-CoV 
accordmgtouiemeaodd 8a ( ! ribedinexample2i. For trans-3-(l- 
napmyQacryloylgaanidiue and dnnamoylguamdine a decrease in virus utre of 
proximately 80% was observed at a concentration of 1 OuM and a reduction of 
awroxiinatelv 50% 



Table 8 pro vi des Virus titration data presented as % of a control (S A*S CoV grown 
20 for 48 hours in the absence of compounds). 



Table 8 



Compound 



Name 



amoylguatridine 



trans-3-(l- 
napmynacr vloylguanidine 
6'memoxy-2-naphthoylguaDidine 

Control 



25 



Concentration 

(uM) 


1 Average 
TCID S0 (x 
10*) 


10 

2 ■ | 


lj 

4.4 
1.15 


10 


2 


2.45 


10 


5S5 


2 


6.35 


0 f 


535 



118 
100 
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lie 26. Human ? 29E Cn^ ^s^ 

!a ggptide rm^^, 
A peptide corresponding to the fuH-leneth 

SVa o««taI mto*. » ^ was done with HBTU and <° 

S , * """^p— "»*-0 «*«a.o, «*» ^ 



The eel slice was transferred to the ProteoPLUS™ tube and filled with 
electrophoresis buffer. The tubes were emena*? «, *«- 0 _~i - , 

^subjected* ,00 volts ^ T 

vonsrorapproamatelyl hour. The polarity of the electric 
current was reversed for 1 minute to increase the mrm ♦ , ° 

increase the amount of protein recovered. The 
peptides were harvested and cemtrifuaed at 1 * tsnn r , . 
n««t,,,~, , • ceniruuged at 13, 000 rpm for 1 minute. The purified 

30 szr k *^ -fc ^^-~-~ 
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25 
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* 

lie 27. 229E-E nrotein foit we fo M c hannrt« m Planar lip id bjjayej 
Lipid bilayer studies were performed as described elsewhere (Sunstrom 1996 
Miller, 1986). A Hpid mfeture of palmitoyl-oleoyl^^ ' 
palmitoyl-oleoyl-phosphatidylserine and palnntoyl-oleoyl-phosphatidylcholine 
(5:3:2) (Avanti Polar Lipids. Alabaster, Alabama) was used. The lipid mixture was 
pamted onto an aperture of 150-200 urn in the wall of a 1 ml delrin cup. The aperture 
separates two chambers, cis and trans, both containing salt solutions at different 
concentrations. The ois chamber was connected to ground and the trans chamber to 
the mput of an Axopateh 200 amplifier. Normally the cis chamber contained either 
500 mM NaCl or 500mMKCl and the trans 50 mMNaCl or 50mM KC1. Thebilayer 
formation was monitored electrically by the amplitude of the current pulse generated 
byacur^tramp.Thepo^ 

the cis. The synthetic peptide was added to the cis chamber and stirred until channel 
actmty was seen. The currents were filtered at 1000 Hz, digitized at 5000 Hz and 
stored on magnetic disk. 

The 229E E synthetic peptide was dissolved in 2^-trifmorelhanol (THE) * 
0.05mg/ml to 1 mg/ml. 10 ul of this was added to the cis chamber (1ml aqueous 
volume) of me bilayerapp^ ^ 

currents, indicating channel activity in the bilayer, were typically detected within 1 5- 
30mm. After channels were detected the holding potential across the bilayer wa* 
varie^between-lOOmV and +10QmV to characterise the size andpolarity of current 
~ble the reversal potential to be detennined. 

i 

In 15 experiments where the cis chamber contained 500mM NaCl solution 
and the trans chamber contained 50 mM NaCl solution, the average reversal potential 

1 activtty was calculated to be 22 ±7 (SBM)mV. in 13 experiments 
where the cis chamber contained 500mM KC1 solution and the trans chamber 
contained 50 mM KC1 solution, the average reversal potential of the channel activity 
was calculated to be 38 ±4 (SBM) mV. These results indicate that the 229BE protein 
forms cation selective ion channels that are slightly more selective for than for 
Na ions. 
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Figure 9 shows examples of raw current data for the 229E E ion channel at various 
holding potentials (cis relative to trans) in asymmetrical KC1 solutions (500/50 mM) 
The graph is a representative plot of average bilayer current (pA; y-axis) versus - 
holding potential (mV; x-axis). 



10 



15 



229EK 



imnle 28. Cbjmjcal gprnponadg inhibit the, fog ^ 
protein synt hetic nen tM* 

To test compounds for their abib'ty to block or otherwise inhibit ihe ion 
channel formed by 229E E protein, small aliquots of solutions containing the 
compounds were added to the aqueous solutions bathing planar lipids in which the 
peptide channel activity had been reconstituted and the effect of the compound 
addition on the ionic currents was recorded and measured. 
Compound stock solutions were typically prepared at 500 mM in DMSO. This 
solution was further diluted to 50 mM, or lower concentration in 50% DMSO/50% 
methanol and 2 pi of the appropriately diluted compound was added to the cis and/or 
trans chambers to yield the desired final concentration. 



20 



30 



In the example shown in Figure 10, addition of 100uM cmnamovlguanidme to the cis 
chamber greatly reduced current flow through the 229E E ion channel. 




25 A bio-assay of 229E-CoV E-protem fi 



•owth. 

in in bacterial cells was developed. A 
synthetic cDNA fragment encoding 229E-GoV E-protein was cloned into the 
expression plasmid pPL451 , creating a vector in which B protein expression is 
temperature inducible, as described in Example 4. Inhibition of the growth of Rcoli 



cells expressing E protein at 37°C was 



as an indicator of p7 ion channel 



function dissipating the normal Na+ gradient maintained by the bacterial cells. 



35 
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fflmple 3Q Compound Psmg ft. Basfeds j ™"-A««» r fa, ^ r „ y 

The halos of growth around the site of application of particular drugs - as 
described in example 14 -were scored as decribed in example 15. 

* 

Table 9 list the scores for inhibition of 22?H-CoV S-protein in the bacterial bio-assay. 
Table 9 



Componnd 



4- isopropylcinnamoylguanidine 
3,4-dicUorocionamoylguatttdine 
|3<irifluOTtymethoxy)ciimajnoylgnanidine 
j4-t-butylcamamoylguanidioe 

^isoITOpylcmnamoylgaanidin© hydroch* 
! -t-butylcinnamoylguaaidine 
^bu^lcimiamoylguamdine 
ram^^l-napmyQacryloylguamdine 

g-bramo-2-methoxycinnamoylguamdine 
3-difluc?rocmnamoylgu^dine 
-(2-napthyl)acryloylguanidine 

5- phenybinnamoylguanidine 

l^henylcannambylguanidjne 
Kcyclohex-l^-l-y^cnmajnoyiguani^ 

^phenylbenzoylguamdine 

|3-(trifluoromelhyl)cmnajnoylguanidine 
(4-Phenoxybenzoyl)guaoidine 

* 'trifluoromethyl)ciimamoylguanidine 

cyclohex-l-en-lyl)cmnanK>ylguanidine 
|(4-Broniocinnanioyl)guanidine 

>-(W-hexatnethyIene)amiloride 
1 1 -napthoylguanidine 

5<4-flnoropheiiyl)aniiloride 

|(S-Phenyl-penta-2 J 4-dienoyl)guanidine 
|(3-Bromociimamoyl)guanidme 

>5-<nmethylcinnamoylguKnidine 

<triflnoromemyl)omnamoylgoanidine 
^methoxy-2-naphthoyiguanidine 
|(4-Chlorooinnamoyl)guanidine 

(3-Memoxycinnamoyl)goanidine 
5-bromo-2-fmorocinnamoylguanidine 
|5-(N 3 N-Dimethyl)amiloride hydrochloride 



229E E protein 
Inhibition 

(score) 
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cinnamoylguanidine 

(2-Me1hoxydimamoyl)guamdine 
|(^-Methylcitinamoyl)guaoidine 

- ^ _ Ichmamoylguanidine 
^6-di<^rocinnainoylguanidine 
(2-Bromocimamoyl)guacddine 
p.4,6-trimethylcdmamoyl^aiddine 

Cta-2-Phenylcyclopropanecarbonyl)gu^ 
|(3-CUon3ciiiriamoyl)guanidine 
|2-(l-n^thyl)acetoylguanidin0 
^%lciimamoy!guatudino 
^yclohexylclmiamoylguairfdlne 
j(4-Hydroxyciimamoyl)guamdiii© 
^-ethoxydrinanioylgaanidine 
l-methylcinnamoylguanidine 
trmefhylcmnama^guaiiidine - 
[3-fluorociiinamoylguanidine 
fciimamoylguanidine hydrochloride 
p>3-<limethylc^ 

^fluorociiMiamoylguanidino 

•fluorocinnamoylguanidiiie 

|3Adiflucwo<±Miamoylguarddin^ 

5-tert-butylamincKamUoride 

12 -iimrthoylpuaiiidine 

W-Bis(anti^ 

f^-Bis(3-pheayipiopanoyl)guaiudinc 
-mefhylcinnamoylguanidine 

-bromophenyl^enta-^^enoylgumudine 
5 6^tetramethylciijnainoylguafudine 
^ethoxycumamoylguauidine 

(4-Metiioxy«±inam 

|(2-<^orociimamoyl)guamdijae 
C3-Mhociimamoy0gQanidine 
-ethoxyciimamoylgaaiiidine 

? S-trimethoxyciimamoylguanidine 
!-(2-napihyl)acetoylguamdme 
T^^heaylpiopanoyl)>N , >phenvl^an^tnA 



cu 



: amBl e ; annvirai a SS ; 

ioronavinis 229E 



for test 



impounds again&t reeHcattoi 



To 



dne the antiviral activity of compounds against human coronavirus 

an assay measuring reduction in the number of 
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ll^C ccTTvn ""I**? ° f229E **** cdlS *«» *■» blasts 
.ATCC CCL-171) was developed; First, a vims working stock was prepared by 

^catt0B i»MRC-5cell, m> was then used to infect confluent monolayer* of 
MRC-5 cells grown in 6-well tissue culture plates by exposure to the virus at an MOI 
of approx. 0.01 pfb/cell fori Wat 35*C in 5%QCh . The infective inoculum was 
amoved and replaced wita fresh medium CDMEM supplemented with 10% fetal calf 

inr^ T ~ " of - ^ appropriate level 

^™™«^c^^ M Plates weresubsequentlyincubatedat 
C (in 5 A CO,) for 3 -5 days post infection, after which time culture supernatant 

ethanol for 1 0 minutes. Plaques were counted in all wells and the percentage 
reduction in plaque number compared to solvent control was calculated 
Measurements were performed in duplicate to quadruplicate wells. 

15 Table 10 



10 



«aque Reduction (%control / # 



Compound 



2-t-butylcinnamoylguanidinfe 
4-isopropylcmnamoylguanidine 
3 s 4^cMorocinnamoylguanidine 

,6-dicWoiocitmamoylguamdan© 
-(cyclohex-1 

yQcmnamoylguamdine 

-cyclohexyldnnamoylguanidiae 
-bromo-2- 

ethoxydnnamoylguanidine 



rr 


W 







enoylguanidine 

t-butytohmamoylgw 

-phenyloinnamoylguanidiiie 
3-BromocinnamoyI)goaiiidine 
(4-Bn>mocimiamoyl)guaiiidine 
5-(N^-hexamethylene)amiloride 
|trans-3<l.n^thyl)acryloylguatuditte 







5uM 


2.SuM 


100/1 
100/1 
100/3 


1 100/3 j 
100/2 
099/4 

1 * 1 


100/2 
100/1. 


098 /4 
097/3 


100/1 
070/1 j 


097/3 
097/2 


100/2 
100/1 


096/4 
096/3 


100/2 
100/1 

100/2 
094/1 
089/ 
100/1 


095/3 
095/3 
094/3 
093 /3 
091/3 
091/2 
. 091/2 



050/3 
057/2 
086/3 

077/3 
066 /2 

021/1 
089 /2 

088/3 
100/1 

079 /2 
084 /3 
077 /2 
072/2 
073 /2 
033/1 
064 /2 
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, ^thyl)ac^loylguanidine 

2 9 4-dicMorocinnamolyguaiudine 

(2-Nitrocinnamoyl)guanidine 
3- 

(1rifluoromethyl)oiiniainoylguaiudine 

5-bromo-2-fluorociimamoylguamdine 
4-methylcirtnamoylguanidine 

(3^MorociimamoyI)guanidine 

(4-Methoxycinnamoyl)gumidine 

(4-CWo»citmainoyl)gaamdine 

3~fluorocionamoylguanidine 

3-(oyolohex-l-en-lr 

yl)cinnamoylgaanidine 

(a-Methylcimiamoyrjguanidlii© 

2 B 3 3 5,6 S - 

tetrame&ylciiinamoylgiianidiiie . 

2- fluorociniiamoylguanidine 
4- 

iflw>romethyl)cint^oylguaiudmo 

3- Mttociimamoyl)guarddine 

,5-dimethylciiinamoylguaiiidin© 
<4jutylciniiamoylgaanidine 

3-Metioxycumamoyl)guarridine 
3-methyIcitmamo vlg uanidfa ft 



3-isopropyloiimamoyIguanidine 
hydrochloride 



(2-Bromocim^ioyl)guattidine 

3- ethoxycinnamoylgaanidiiie 

(5rPheayl-penta-2AdieQoyl)guamdine 
(2-Chlorocinnamoyl)guanidine 

4- ethoxyckmamoylguamdiiie 

^fluoTOcinnamoylguanidine 

3,4-difhjorociimamoylguairidine 
N^S-phenylpropanoyl^N 1 - 
phenylguanidine 

2,4,6-trimethyIcimamoylguanidine 
2-nxethylcinnamoylguaniditie 
(traas-2- 

Phenylcyclopropanocarbonyl)- 
guanidine 

t(E)-3-(4-Dimethylaminopheayl)-2- 
tnethylacrylojdjguanidine 

N-Benzoyl-N r -ciiinamoylguahidme 
4-plieiiyIbenzoylguanidine 
trans-3-Furanacryoylguaoidine 
(4-I^CToxybBnzoyl)guanidine 
(2-M©thoxydnnamoyl)guaiiidine 
N-amidino-3-amino-5-phenyI-6' 
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100/1 
100/2 
085/ 2 

097/2 
100/1 
091/2 
100/1 
100/1 
100/2 
-095/1 

100/1 
023/1 

098 /2 
090/1 

100/1 
100/1 
092 /2 
100/1 
089/1 
095/1 



095 /2 
100 /I 
100/1 
095/2 
073/1 
100/1 
085/1 

051/1 
075/2 
074/2 



076/1 

069/1 
051/1 
074/2 



091/2 

090/4' 

090/2 

089/4 
088/3 
087/4 
086/3 
085 /4 
084 /2 
083/3 

082 /3 
082/1 

079 /4 
079 /3 

079/1 
079/1 
078/1 
077/4 
075/2 
074/3 



072/2 
072/3 
072/2 
072/2 
069 /2 
067/3 
065/3 

064/1 
063/3 
063/3 



063 /2 

059/1 
056/1 
055 /2 
055 /2 
054/3 
053 /2 
052 /2 



062 /2 
064/3 
046/2 

064 /3 

063 /2 
063 /2 
009/1 
057/3 
051/2 
051/2 

063 / 2 
036 /2 

064 /3 
045 /2 

052/1 
045/1 
078/1 
030/3 
030/1 
044/1 



043/2 
057/1 
069/1 
040/2 
057/1 
034/2 
042/2 

000/1 
062/2 
053 /3 



022/1 



071/1 
018/1 

040 /2 
024/1 
038/1 



■ 
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chloro-2- 

pyrazinecarboxamide 

N-(cinnamoyl)-]^henyiguanidine 

cinnamoylguaaidine 

3$4~ 

(methylenedloxy)ciimamoylguanidii 

N^sT-Bis(amidlno)napthalene-2,6- 
dicarboxamide 

Z^-dimetbylcinnaaiioylguanidine 

5^(3 f -hromophenyi)petita-2,4-. 

pienoylguanidine 

ShenylpropanoyOguanidine 

1- methoxy-amiloride 

J3-difluorocinnainoylguanidine 
ll-uapthoylguanidin© 

f(3-phray^ropanoyi)guaiudin© 
>melhaxy.2-ii^htiioylguanidine 
!-(N,N-DixnetfayI)aimlQride 
lydrochloride 

■ethoxycinnamoylguanldino 

2- napthoylguaiudiae 
*A5-ti±iieliioxycii^^ 
-methoxy -HMA 

lamdine 



:trifliio^ethyl)climamoylgiiain 
^-amidino-3,5-diaininCK6~p]iyny]-2- 
►yraziiiecarboxamide 
;innamoylgaaoidane hydrochloride 
(QumoIine-2-cariKmyQgiianidine 
(4-Hydroxydtmamoyi)guanidine 
S-(4.£luoropheayl)amfloride* 
2«(1 -n^thyOacetoylguahidipe 
(2-Furanacryloyl)guamdine 

[3^3-Pyridyl)aaryloyI]guaxudme 
N-ChmamoyMsP.N'- 



Mill 



N.(2.napthoyl)-N , ^phOTylguanidk0 
2-(2-napthyl)acetoylguaiudmo 

N^-WsCaphenylpippanoy^-N"- 
phenylguanidine 

(Phenylacetyl) guam'dinft 



084/2 


.048 /2 


095 /2 


047 /2 


* J 084/1 


046/1 




045 / 1 


073/1 


044/2 


1 


044/1 




041/1 


029 /2 


039/3 




036 / 1 




036/1 




036 / 1 


49/3 


030/4 




027/1 




027/1 


3 * 


027/1- 




027/1 


I 


027/1 




! 026/1 


- 


022/1 




022/1 


* * i! 


1 AAA J * 

020/ 1 


015/3 


019/3 




019/1 




018/1 




018/1 




018/1 




018/1 

♦ 




015/1 




011/1 


1 


009/1 




009/1 




009/1 



035/1 
059/1 

019/1 



024/1 



022 /2 
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Sample 32 Hnman orqq CormiBvim. 

>C43 Antiviral Assay for testing mmnnmwf, g^ajgst repllcati™, nf^.. 
coronavtrns OfMT 

To determine the antiviral activity of compounds against human coronavirus 
OC43 replication (ATCC VR-759). an ELISA assay was developed measuring the 
release of the viral N-protein into culture supematants from monolayers of OC43- 
infectedMRC-5 cells (human lung fibroblasts ;ATCC CCL-171): First,avirus 
working stock was prepared by amplification in MRC-5 cells. This was then used to 
infect confluent monolayers of MRC-5 cells grown in 6-well tissue culture plates by 
exposure to the virus at anMOIof approx. 0.01 pfu/oell for i hour at 35°C in 5%CQ2. 
The infective inoculum was removed and replaced with fresh medium (DMEM 
supplemented with 10% fetal calf serum) containing various test concentrations of 
compounds or the appropriate level of solvent used for the compounds (control). 
Plates were subsequently incubated at 3S*C (in 5% CQ*) for 5 days post Infection, 
after which time culture supernatant was harvested and cellular debris removed by 
centrifuganonat5000xgfbr lOminutes. ForN-autigendei^uon, 100ul samples of 
clarified culture supernatant were added to duplicate wells of a 96-well Maxi-Sorb 
plate; lOOul of RIPA buffer was added per well with mixing and the platewas 
covered and incubated at 4°C overnight to enable protein binding to the plastic wells. 
The next day, the coating solution was discarded, wells were washed thoroughly with 
FBST, and blocking of unoccupied protein binding sites was performed by incubation 
m l%BSAinPBS for 1.5 hours. The antibody recognising OC43 N-protein was 
used at 1/800 dilution in PBS (Ihr at 37°Q and the secondary antibody (goat-anti- 
mouse alkaline phosphatase) was used for the colour development reaction. Optical 
density of the wells was read at 405 urn and the effect of compounds determined by 
comparison of the level of signal in presence of compound to level of signal from fee 
solvent control 



30 



cm 



OC43 antiviral ggggg 

Compounds were screened for activity against OC43 replication according to the 
method described in example 22. Results are shown in Table 11 . 



WO 2004/112687 



PCT/AU2004/000866 



■89- 



Table 11 



Compound 



3- methyicimamoylgnaru'dine 

tratiS'3-(l-napthyl)acryloylgoanidine 
1(3 -Bromocinnamoyl)guanidiiie 

(2-CMorooiimamoyl)guanidin8 
3,4-di cMorocinnamoylguaiiidin© 

|3-(triflxjorometliyi)cimiamoylguanidine 

(tr^-PhenylcyoloiropanecaibonyOgaanidiiie 

4- isopropylcinnamoyiguanidiiie 

1T, " Qrr, oylguanidine 

oxy-2-naphthoylguanldine 
[2,4-dichlorociimamolyguanidine 
|(4-ChloiDcdnnajnoyl)guarudine 

lethyleoejamfloride 
, >^aoyl)guaaidine 
|2,6^cMctfOCmnamoylgaamdine 

'5-toomo-2-raetho X ycinnamoylguanidine 
p-Phen^.penia-2,4-dieiu>yl)gaanidme 
3-(triflucnx»inethoxy)cinnatnoy]guanldine 

♦ 

lests and gnriggaflaB fig » Peptidl 



Virus inhibition at 
2.5uM 



the MTTV-AgQ it 



10 



15 



Apeptide corresponding to the fhll-length MHV-A59 E protein (sequence- 
VLSPSIYLYDI^QLYKYYNEEMRLPLLEVDDI; accession number MP 068673* 
synthesrs ^ done at the Biomolecular Resource Facility (John Curdn School of 

Protein Technologies Jnc.(Wobum, MS, USA) according to the manufacturers - 
instructions to give C-terrninal amides, the coupling was done with HBTU and 
hydroxyben^tfazoloinN-nrethylpyrroU^ 

<fc«We<^Unga«.da4^ Temporary «- N Fmoc- 

protecting groups were removed using 20% piperidine in DMF. 
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The crude synthetic peptide was purified using the ProteoPlus™ kit (Qbiogene inc. 
CA), following manufactures instructions. Briefly, the peptides were diluted in 
loading buffer (60mM Tris-HClpH 8.3, 6M urea, 5% SDS, 10% glycerol, 0.2% 
Bromophenol blue, ± 100 wM p-mercaptoethanol) and run on 4-20% gradient 
polyacrylamide gels (Gradipore, NSW, Austraha) in tris-glycine electrophoresis 
buffer (25 mM Tris, 250 mM glycine, 0.1% SDS). The peptides were stained with gel 
code blue (Promega, NSW) and the bands corresponding to the full-length peptide 
were excised out of the gel. 

The gel slice was transferred to the ProteoPLUS™ tube and filled with tris- 
glycine electrophoresis buffer. The tubes were emerged in tris-glycine electrophoresis 
buffer and subjected to 100 volts for approximately 1 hour. The polarity of the 
electric current was reversed for 1 minute to increase the amount of protein 
recovered. The peptides were harvested and centrimged at 13, 000 rpm for 1 minute. 
The purified peptides were dried in a Speedvac and the weight of the final product 
was used to calculate the yield. 
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Example 3St MHV-F. protein forms Ion channels in planar ttpjd bilm^i 

lipid, bilayer studies were performed as described elsewhere (Sunstrom, 1996; 
Miller, 1986). A lipid mixture of pab»itoyl-oleoyl-phosphati^^^ 
pahmtoyl-oleoyl^sphatidylseiine and pahnitoyl-oleoyl-phosphatidylcholine 
(5:3:2) (Avanti Polar Lipids, Alabaster, Alabama) was used. The lipid mixture was 
painted onto an aperture of 1 50-200 urn m me wail of a 1 ml dehin cup. The aperture 
separates two chambers, cis and trans, both containing salt solutions at different 
concentrations. The cis chamber was connected to ground and the trans chamber to 
the input of an Axopatch 200 amplifier. Normally the ds chamber contained either 
500 mM NaCl or 500mM KC1 and the trans 50 mM NaCl or 50mM KC1. The bilayer 
formation was monitored electrically by the amplitude of the current pulse generated 
by a current ramp. The potentials were measured in the trans chamber with respect to 
the cis. The synthetio peptide was added to the cis chamber and stirred until channel 
activity was seen. The currents were filtered at 1000 Hz, digitized at 5000 Hz and 
stored on magnetic disk. 
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The MHV E synthetic peptide was dissolved in 2,2,2-trifluorethanol (TFE) at 
0.05mg/ml to 1 mg/ml. 10 pj of this was added to the cis chamber (1ml aqueous 
volume) of the bilayer apparatus, which was stirred via a magnetic «flea'\ Ionic 
currents, indicating channel activity in the bilayer, were typically detected within 1 5- 
30 min. After channels were detected the holding potential across the bDayer was 
varied between -lOOmV and +100mV to characterise the ske and polarity of current 
flow and enable the reversal potential to be determined. 

In 14 experiments where the cis chamber contained 500mM NaCl solution 
and the trans chamber contained 50 mM NaCl solution, the average reversal potential 
ofthe channel activity was calculated to be 49 ±1 (SEM)mV. mil experiments 
where the cis chamber contained 500mM KC1 solution and me trans chamber 
contained 50mMKCl solution, the average reversal potential ofthe channel activity 
was calculated to be 13 ±6 (SEM) mV. These results indicate that the MHVEprotein 
forms cation selective ion channels that are more selective for Na + than for K* ions. 

Figure 1 1 shows examples of raw current data for foe MHV E ion channel at 
various holding potentials (cis relative to trans) in asymmetrical NaCl solutions 
(500/50 mM). The graph is a r^resentative plot of average bilayer current (pA; y- 
axis) versus holding potential (mV; x-axis). 



20 



25 



30 



Bxamplp Vi Chemical compounds inhibit foe i o n channel arfMtv of ftg ivmv * 
protein sy nthetic peptfdg, 

To test compounds for their ability to block or otherwise inhibit foe ion 
channel formed by MHV E protein, small aliquots of solutions containing foe 
compounds were added to foe aqueous solutions bathing planar lipids in which foe 
peptide channel activity had been reconstituted and the effect of foe compound 
addition on foe ionic currents was recorded and measured. 
Compound stock solutions were typically prepared at 500 mM in DMSO. This " 
solution was further diluted to 50 mM, or lower concentration in 50% DMSO/50% 
methanol and 2 ul of the appropriately diluted, compound was added to the cis and/or 
trans chambers to yield the desired final concentration. 
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m me example shown in Figure 12below, addition of lOOuM 
cinnamoylguanidine to the cis chamber greatly reduced current flow tt 
MHV E ion channel. 



ugh the 
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Example ^Bacterjaj w»-a C71 
Channel-Blocking Dm^ , 



for Screening Pnfa 



E-protefa |jHj 



MHV E-protein Ion Chann el faMfeite B^cjgriaj Cell g rpwtb 
A bio-assay of MHV E-protein function in bacterial cells was developed. A synthetic 
cDNA fragment encoding MHV E-protein was ctoned into the expression plasmid 
PPL451, creating a vector in which E protein expression is temperature inducible as 
describcdinExample4. Inhibition of the growth ofE.coli cells expressing E protein 
at 37°C was observed as an indicator of p7 ion channel function dissipating the 
nonnalNa+gt^enltnaintained by the bacterial cells. 



Example 38. Compoun d 
Protein. 



Bacterial Bio-Assay for MHV J£ 



Hill i »» 



m h e ^ ft 0 ff°? h aroand , the ? e <* Ration of particular drugs - as described 
m example 14 - were scored as decribed in example 15. uoscnoea 

Table 12 hste the scores for inhibition of MHV E protein in the bacterial bio-assay. 
Table 12 



MHV E protein 
Inhibition 



» » Mi 



Com] 

4-woi»opylcdmamoylguawdine 
3-isopr^yicjjjnainoylguanidine hydrochloride 
4^-butylcinnamoylguanidine 

3-(trifluoromethoxy)cimamoylguaddine 
3-t-butylcinnamoylguanidine 

3,4^chlorocitmamoylgiiariidiiie 

2,3-difluorocmnamoylguanidine 

2-t-butylciiuiainoylguaaidine 





■ 







2-phenylcxbnamoylguamdine 

5-bromo-2-methoxycinnamoy]guaiiidine 

2-(cyclohex-l-©n-lyl)cmnamoylguanidine 
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3<cyclohe^l-^l*yl)dimamoy]guamdin© 
trans-3.(l.impihyl)aciyloylguaiudiu^ 
4-(trifluoromethyl)ciimamoylguairidiiie 
3<2-napthyl)acryloyIguanidine 

2-(trifliu>roiiie&yl)cimainoylguaiiidiAe 
(4-Pheaoxybenzoyl)guanidine 

'3-Biomocinnamayl)guanidine 
[2,5-dimelliyldiuiaiE^ 

p-bromo-2-fluoax)cinnamoylguaiudiae 
-methoxy-2-naphthoylguaiiidine 
-phenylbenzoylguanidine 

|C4-Bromoctenamoyl)guanidiixo 
1 -napthoylguanidine 

|(5-P!henyl-pente-2,4-dienoyl)guaiudine 

|(2-Bromocinri2moyl)guanidine 

|(4-OTQrocinnamoyl)giianid^ 

"-metoylcibnamoylguanidine 
,6-dicMorocinnainoylguanidine 




>-(N'JN-hexametiiylene)aiMiloride 
fahmamoylgpamdme 

Iciimamoylguanidme hydrochloride 

(a-Methylciimamoyl)guanidine 

%3-dtme%lciimamoylgiiaiiidnie 

t-cyclohexyldmamoylguanidin© 

^S-pheityh^K^aiioylj^-phenylguaiiidine 

r j N , -bis(3pheny}propanoyl)-N"-phenylgua 
5-Methoxycinnamoyl)guanidine 
J(2-Metlwxy«iiuitooyl)gaanidin© 
~ -fhiorocinnamoylguanidiQe 
t-flnorociiaiamoyiguanidine 
!,4-dicMorodrmamolyguarddme 
^^ylcimainoylguamdine 

ilorocinnamoyQgaanidiiie 
|(4-Hydro^iimamoyl)gnaiiidm© 
■ethoxycinnamoylguanidine 
i-napthoylgoanidine 

J(trans-2-PhenyIcyclopropanecarbonyl)guanidine 
p-(N^-Dimettiyl)aniilorid© hydrochloride 
P-(4-fIuoropheiiyl)annloride 
3-methylcinnamoylgaanidin.e 
J(3 - Chlorocinnamoyl)guanidine 
' -methylcinnamoylguanidinc 
"loxycionatnoylguanidine 
Kl»iiapthyl)acetoylguanidine 



1© 



2.9 

2.9 

2.8 

2.8 

2.8 

2.7 

2.4 

2.4 

2.3 

2.1 

1.8 

1.8 

1.8 

1.7 

1.4 

1.4 

1.3 

1.2 

1.2 

1.2 

1.1 

1.1 

1.1 

1.0 

1.0 

0.9 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.7 

0.7 

0.7 

0.6 

0.6 

0.5 

0.5 

0.5 

0.4 

0.4 

0.4 

0.4 
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3^4-difIuorockmanioylguanidiDe 

2- (2-nap11iyl)acetoylgiiaaidine 

Z^jSje^ettmethylcimmoylgQanidiiie 

C4-Me4hoxycinnamoyl)guanidine 
3t4-(mefoylenjedioxy)cin^^ 

3- ethoxycinnamoylguanidine 

4- fhiorocinnamoylguanidine 

1 -bromo-2-napthoylguamdin© 

5- t^-butylamino-amiloride 
(3-Nitrocnimanioyl)guaiiidine 

3 A5-trimethoxycnmamoyiguanidine 

•bn)tnophenvl>Denta-2.4-dierinv1cninnidine 





10 



15 



20 



Example 39» MHy Antiviral Assay for testing co m ponnds a gai nst replication nf 
mouse hep atitis virus (MHTV). 

To detennine foe anjrviral activity of compounds against MHV replication 
(strain MHV-A59: ATCC VR-764), an assay measuring reduction in foe number of 
plaques formed in monolayers of MHV infected L929 cells (ATCC CGL-a) was 
developed: First, a virus working stock was prepared by amplification in NCTC 
clone 1469 cells (ATCC CCL-9.1). This was then used to infect confluent 
monolayers of L929 cells grown in 6-well tissue culture plates by exposure to the 
virus at an MOI of 0.01 pfu/ceU or 1 pfo/cell for 30 minutes at 37°C in 5%C02- The 
infective inoculum was removed and replaced with fresh medium (DMEM 
supplemented with 10% horse serum) containing various test concentrations of 
compounds or the appropriate level of solvent used for the compounds (control). 
Plates were subsequently incubated at 37°C (in 5% COz) for 16 - 24 hours post 
infection, after which time culture supernatant was removed and the cells were 
stained with 0.1% crystal violet solution in 20% ethanol 1 

were counted in all wells and the percentage reduction in plaque number compared 
solvent control was calculated. Measurements were performed in duplicate to 
quadruplicate wells. 



Hill 




Table 13 provides the results obtained from this study. 



• 
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Table 13 



Compound 

Is-Ca'-btomopheoyOpewta-a^-dienoyiguamdine 
^bit)mo-2-methoxycimamoylgiiaiiJdine 
p^plienylciniiamoylguanidine 
, 3 - diftuoro cirmamoylguanidine 

• # 

^ethoxyciiinanioylguaaidiiie 

* 

|5<2 , -bromophenyl)penta-2,4-dienoylguaiddm 

i 

Icinnamoylguanidiiie hydrochloride 

|(2-Chlorocinnainoyl)gu0ttldine 

cmnamoylguflnidine 



(4-Bromociruiamoyl) 



|(2-Bromocirinamoyl)guanidine 
|(4-Methoxyciimamoyl)guaiudine 

i * 

|(a-MethylcinnamoyI)guanidliie 
^4-didUorocimiamoyIgQanidme 

» 

Kcyclobi«-l^-lyl)cinnamoylguaijidine 
i ,4-drQuorocinnamoylguamdine 
|3-t-butyl«innamoylguamdiae 
-ethoxycinnamoylguanidine 



Percent reduction in Plaque 
number / # experiments 



20uM 



N/D 



NZD 



Toxic 



Toxic 



100/1 



Toxic 



85/1 



95/2 



97/8 



'oxic / 2 



1/2 



►8/4 



81/2 



91/2 



f/D 



OX1C 



OXIC 



►3/2 



lOuM 



luM 



99/2 



86/2 



92/3 



89/2 



100/1 



88/3 



88/8 



98/3 



89/3 



96/4 



75/3 



96/1 



97/1 



91/2 



94/3 



85/3 



66/1 



100/1 66/1 



•4/3 



64/2 



!8/l 



i7/l 



72/2 ■ b6/l 



i3/3 



52/7 



►2/3 



>2/3 



51/3 



1/2 



iO/2 



50/1 



50/1 



\9I2 



[8/2 
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-Furanacryoylguanidine 



N-amid^-3-a^o-54exame%leneimino-6- 
phenyl-2-pyraanecarboxatnide 



)guanidin< 



4-(trifluoromethyJ)ciiniamoylguaiiidino 

^4-(methylejiedioxy)dimamoylgoanidiue 
|5-(N-Methyl.N-i8obutyl)ainiloride 

J(4-Chlorodmiamoyl)guatiidine 

■ 

,4-dichIoroci2mamolyguanidine 

-(3-pheny] P io P anoyI)-N'-pli e nyiguaiiidine 
■Nitrooinnamoyl)guanidine 

-phenyloiimainoylguanidine 

-isopropyidnnamoylguanidine 

I <^uoromelhoxy)ciimamoylguanidine 

l-(trifluorome£hyl)cinnamoylgQanidme 
|(4-Nitrocinnamoyl)guanidine 



-(2-iiapthy5aco1oyl 




ithoxycinnamoylgaamditie 

■ 

^e-dichlotocinnamojdguanidine 
^5-dimethjdcimjamoylguanidm^ 

-Bromociimamoyl)guanidine 
|(3-ChlOTocittnamoyI)guaiudine 



70/1 

I * 

84/1 



)7/l 



>7/3 
193/3 



65/1 [48/1 



52/2 



95 /3 
82/3 



tt/l 73/1 
|80/1 65/1 



95/3 ©3/3 



>8 / 1 83/ 1 



VI 



'5/3 



b/i m/i 

>6 / 1 W 1 1 



►1/1 



'0/1 



>5/3 bl/3 
195/2 "90/3 



«/l 



77/2 k7/l 



/3 



IS/3 



92/ 1 85/1 44/2 
97/2 88/2 43/3 



B/l 



[95/2 ^7/3 b/3 
100/1 W2/1 



1/3 



100/1 bO/3 kl/2 



/l 



/3 



/l 



/l 



K>-/1 



9/3 



19/3 



N/1 86/2 b9/2 
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3-methylcinnamoyIguanidino 

(3-Methoxycinnamoyl)gaarddine 

2-t-biitylciiinamoylguaiiidine 

!(B>3-(4-l^ethyJai»i»opheayI)-2 
mefoylacryloyljgnaiiKHne 



3-methcocy -HMA 



trans-S-Cl-napfhyQacryloylguanidiii© 

i-methoxy-2-n^hthoylguanidiQe 
9>£hoylguanidrae 

-ethylcinnamoylguanidine 




3-dimethylcimamoylguamdine 
Cranamoyl-N^ 

l-isopnipylcinnamoylguaaidine hydrochloride 
J(4-Phenoxybenzoy])guanidine 

i 

|(W.2-PhenyIcyclopiopanecarbonyl)gu^ 
t-fluorodiinainoylguaiiidine 



^bromo-2-fluc^cinnamoylguanidine 
,lsp-bis-(cinnamoyl).N ,, -phenylgaairidmi 

■ 

l-quinolinoy]guamdine 
^4,6-trimeth.ylcimiainoylguanidine 



• . • 
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|1 -bromo-2-napthoylgaanidine 

f-amldino-3 t 5H3iainino-6--phynyl--2«- 
jyrazinecarboxamide 

(2-Methoxyciimamoyl)guaiiidine 
2-(2-n^thyl)ac©toylguaoidin6 
J4-phenylci3tmamoylguanidine 
[3-(3-PjddyJ)a^loyi]guanidme 
]3,4,5 -trimethoxycirmamoylguaiiidine 

■ 

-niethyiciimamoylguanidiiie 
^fluorociiinamoylguanidine 
-methyloinnamoylguanidino 
|6-bromo-2-napthoylgu^nidiae 
5-(N^-DimethyQanulorid© hydrochloride 
|(5-Phenyl^enta-2,4-dienoyl)guarudme 
5-cyclohexylf5ixmamo^giiaiudine 
5-(4-fluorophenyl)axniloride 
izyoylguanidine 

N-Berizoyl-N'Kiiiinamoylgiianidine 

5-(N^f-hexaniethylene)amiloiide 

N-(cimam6yI>N^henylguanidine 

4 

(4-Hydroxycinnamoyl)guanidine 



4/1 



0/1 



84/2 



83/1 



19 /l 



31/1 27/2 27/1 
53/1 39 / 2 25/1 

« 

92/2 65/3 24/2 



•0 / 2 85 /2 



52/1 '20/2 



f3/l 36/1 



81/2 73 /2 



84/1 84/1 



13/1 89/1 



86/1 83/1 



'1/1 82/1 



65 / 1 37/2 



4274 7/4 



17/1 24/1 



25/1 



!2/l 39/2 



0/1 



89/1 



88/1 



15/1 



13/2 



!3/l 



1/3 



11/2 



11/1 



!0/l 



10/1 



19/1 



17/4 



17/1 



100/1 74/2 16/1 



16/1 



14/1 



14/1 



13/2 



13/1 



13/1 
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2-(trifluoromethyl)cimamoylguamdm 
(Quteoline^carbonyl)guanidiiie 

« « 
* 

2-(l-napthyl)acetoylguanidine 
2-cWoro-6^flTOrocumamoylguaiiidine 



N-amidino-3-amino-5-phenyl-6-c±Joro-2. 
pyrazinecarboxamide 

(4-phesiiylbenzOylguanidiii© 

■ 

rj^-bis(2-D^hoyl)guaiiidiii© 

* 

|(Phenylacetyl)guaaiduie 
|l -napthoylguamdine 

,N*-bis(3phaaylpiopanoyl>N"-plieiiy^uanidine 
t-hydroxy-5-hexametoy^ 

S'4 DicMortBenzamil HC1 
^,5^-tetramelJiyldimamoylguanidme 



il hydrochloride 



•lodoamiloride 



m 

|[(4-C^oropheaaoxy-aoetyl]guaiudiiie 
|(3-phenylpmpanoyl)guanidine 
5-fluorocinnamoylguanidine 
•brorao-2-napthoylgoanidine 
|(2-FuianacryIoyl)guanidine 



19/1 


15/1 


13/1 


86/1 


84/1 


12/1 


ll9 /l 


02/1 

1 


11/1 


100/1 


84/2 


9/1 


bo/i 

1 * 


p0/2 


9/1 


(32/1 


J24/1 


5/1 


1 

5/1 


b/2 


3/1 


B5/1 

1 


B2/1 


3/1 


f71/3 


62/3 


b/3 


67/3 


HO/4 


1/3 


16/1 


22/2 i 


1/1 


12/2 


0/3 


0/3 


ksr/D 


68/2 ' 


0/1 


0/1 


26/1 1 


D/l 


PS/1 1 


il/1 1 


D/l 


19/1 : 


16/1 I 


)/l 


19 / 1 1 


16/1 ( 


>/l 


51 / 1 ( 


>3/l C 


>/l 


76/ \ h 


'3/1 






r3/l 




67/2 6 


3/2 L: 


3/2 
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N<6-Hydroxy-2-n^thoyI)-N^henylguanidine 
Amiloride.HCI 

3-(trans-heptr I -en-1 -yl)cinnamoy]guanidine 
3-methoxy-amiloride 

• 


43/1 
21/1 
T/l 
60/2 

• 


39/1 

• 

18/1 

23(T)/1 

47/3 


-5/1 

-5/1 
-6/1 
-7/2 


N^-Bis(3-plienylpr^anoyI)guanidiiie 
3-(cyclohex-l-en-l-yl)ciimainoylguanidine 


41/3 
T/l 

m 


30/4 
2/2 

* 


-8/3 
-19/1 



10 



15 



20 




Antiviral Assay for testing compounds against 
coronavirns fFRCVl. 



I||ll91llf(« 



against porcine 

coronavirus replication (ATCC VR.2384), an assay measuring reduction in the 
number of plaques foimed in monolayers ofPRCV infected ST cells (procine f« 
testis cell 



ATCC CRL-1746) was developed: Confluent ST cells in 6 well 
plates were infected with a quaternary passage of porcine respiratory virus (PRCV) 
strain AR310 at three dilutions 10* 1 , 50" 1 and 10" 2 in PBS to provide a range of 
plaques numbers to count lOOul of diluted virus was added per well in a volume of 
lml of media. Plates were incubated for one hour on a rocking platform at room 
temperature to allow virus to adsorb to cells. The viral supernatant was removed and 
2ml/well of overlay containing 1% Seaplaque agarose in lx MEM, 5% FCS was 



r 


r 


i 





diluting the compounds from frozen stock to a concentration so that the same volume 
of compound/solvent would he added to the overlay for each concentration of 
compound. The volume of compound/solvent never exceeded 0.07% of the volume 
of the overlay. The solvent used to dissolve compounds was DMSO and methanol 
mixed in equal proportions. Compounds were tested for anti-plaque forming activity 
at four concentrations, O.luM, luM, lOuM and 20uM. Either duplicates or 
quadruplicates were performed at each concentration. Controls 
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where the same volume of solvent was. added to the overlay. The overlay was 
allowed to set at room temp for 20 mins. The plates were then incubated at 37°C for 
2 days. The monolayers were then fixed and stained overnight at room temperature 
by adding lml/well of 0.5% methylene blue, 4% formaldehyde. Overlay agarose and 
stain was then rinsed off to visualize stained and fixed monolayer 



10 



Example 42: Effect of eojPflognds «» T>RCV antiviral a***. 

Compounds were screened for activity against PRCV replication according to 
the method described in example 29. Table 14 provides EC50 values for some tested 
compounds. 



Table 14 



15 




le 43. Bovine Coroiiflvirm. 



■ • 

mviral Assay for testing compounds against re pjjgatjgi} bovine CM2flayjrns 



20 



25 



To determine the antiviral activity of compounds against bovine coronavirus 
replication (ATCC VR-874), an assay measuring reduction in the number of plaques 
formed in monolayers of BCV infected MDBK cells (bovine kidney cell line ;ATCC 
CCL-22) was developed: Confluent MDBK cells in 6 well plates were infected with 
a secondary passage of BCV with serially diluted virus diluted to 10" 3 . 5" 5 and 10" 4 in 
PBS to provide a range of plaques numbers to count. 1 OOul of diluted virus was 
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added per well in a volume of 1ml of media. Plate 3 were incubated for one br to 
allow vims to adsorb to cells. The viral supernatant was removed and 2ml/well of 
overlay containing 1% Seaplaque agarose in lx MEM, 5% FCS was added to each 
well. Compounds to be tested were added to the overlay mixture by diluting the 
compounds from a 0.5M frozen stock to a concentration so that the same volume of 
compound/solvent would be added to the overlay for each concentration of 
compound. The volume of compound/solvent never exceeded 0.07% of the volume 
of the overlay. The solvent used to dissolve compounds was DMSOand methanol 
mixed in equal proportions. Compounds were tested for anti-plaque forming activity 
at four concentrations. 0.1 uM, luM, lOuM and 20uM. Quadruplicates were 
performed at each concentration. Controls were performed where the same volume 
of solvent was added to the overlay. The overlay was allowed to set at room temp for 
20mins. The plates were then incubated at 37°C for 7 days. The monolayers were 
then fixed and stained by adding lmVwell of 0.5% methylene blue, 4% 
formaldehyde.. 



20 



le 44: Effect ft f ftomnounri ff i n BCV antiviral gggag 
Compounds were screened for activity against BCV replication according to the 
method described in example 31 . Table 15 provides EC50 values for some tested 
compounds. 



Table 15 



Compound 


EC50nM 


(3 -Bromocmnamoyl)guamdine ~ 


3 - 
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Example 45 Hepatitis C Virus 

Ion channe l activity of Hepatitis n vims P7 Protein 

Testing of a Synthetic P7 Peptide for channel activity in artificial lipid bilayers 



A peptide mimicking the protein F7 encoded by the hepatitis C virus (HCV) 
5 was synthesised having the following amino acid sequence: 

AIJ2NLVlLNAASIAGTHGLVSl^ 
LLLLALPQRAYA 

Lipid bilayer studies were performed as described elsewhere (Miller, 1986), A 

* 

lipid mixture of palmitoyl-oleoyl-pho^halidykthaaolanime, palmitoyl-oleoyl- 
10 phosphatidylserine and palroitoyl-oleoyl-phosphatidylcholine (5:3:2) (Avanti Polar 
Lipids, Alabaster, Alabama) was used. The lipid mixture was painted onto an aperture 
of 150-200 urn in the wall of a 1 ml dehin cup. The aperture separates two chambers, 
cis and trans, both ccmtairtrag salt solutions at different concentrations. The cis 
chamber was connected to ground and the trans chamber to the input of an Axopateh 
15 200 amplifier. Normally the cis chamber contained 500 mM KC1 and the trans 50 
mM KC1. The bilayer formation was monitored electrically by the amplitude of the 
current pulse generated by a current ramp. The potentials were measured in the trans 
chamber with respect to the cis. The protein was added to the cis chamber and stirred 
until channel activity was seen. The currents were filtered at 1000 Hz, digitized at 
20 2000 Hz and stored on magnetic disk. The F7 peptide was dissolved in 2,2,2- 

trifluorefhanol (TEE) at lOmg/ml. lOuloftinswasaddedtomeciscliamberofthe 
bilayer which was stirred. Channel activity was seen within 15-20 miru 



When the P7 peptide was added to the cis chamber and stirred, channel activity 
was recorded. The potential in the trans chamber was -80 mV and the currents are 

25 downwards. The currents reversed at +50 mV close to the potassium equUibrium 
potential in these solutions mdicating that the channels were cation-selective. The 
amplitude of the open-channel peak is 1.7 pA corresponding to a channel 
conductance of about 14 pS. In most experiments, "single channels" had a much 
larger stee, presumably because of aggregation of the P7 peptide. The currents 

30 reversed at about +40 mV in tins experiment In some experiments the solution in the 
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cis chafer was ISOmMKCland 15 nM m m foe tran* chamber. The P7 peptide 
again produced currents that reversed. 

* 

SixmlarWswereob^ Cutents 
5 recorded in an experiment when the cis chamber contained 500 mM NaCl and the 



10 



trans chamber 50 mM NaCl.. Again the currents reversed between +40 and +60 mV 
closetomeNa+equmbrium^^ ' 
permeable to Na 4 " than to K + , 

# 

■ * 

Hie channels formed by the P7 peptide were Mocked by 5-(N,N- 
hexamethylene) atniloride (HMA), 



Addition of theP7peptideproduced channel activity. Addition of 2 ul of 50 
MM HMA to the cis chamber followed by stirring resulted in disappearance of the 
15 channel activity. Block of channel activity produced by the P7 peptide with 100 pM 
HMA was recorded in 4 experiments. In 2 experiments, sodium channels (500/50) 
were blocked by 500 pM HMA 



When 10 «M CaCl, was added to me cis chamber (K solutions) the reversal 
20 potential of the currents produced by P7 peptide shifted to more negative potentials 
indicating a decrease in the Pk/Pq ratio. 

When the cis chamber contained 500 mM CaCfe and the trans chamber 50 mM 
CaCl* both positive and negative currents were seen at potentials around +20 mV and 
25 it was not possible to determine a reversal potential. 



sample 4ft. Bftr ombfaant Expresglnn HCV n7 protein 

Two cDNA fragments, each encoding the same polypeptide corresponding to 
the anrino acid sequence of the HCV-l a p7 protein, were synthesised commercially 
30 by GeneScript. The two cDNAs differed in nucleotide sequence such that in one 
cDNA («cDp7.coli») the codons were optimised for expression of the P 7 protein in 
Kcoli while in the other cDNA ("cDp7.mamr codons were biased for expression in 
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asa 



tialian cell lines. cDp7.coli was cloned into the plasmid pPL45l 
BamHI/EcoRI fragment for expression in Ecoli. cDpV.mam was cloned into vectors 
(for example, pcDNA3.1 vaccinia virus, pfastBac-1) for expression of p7 in 



mammalian cell Hi 



10 



15 



25 



Example 47. Role of P 7 , > enhanrampn* Q f Ga< > vt,t > w. 

The budding of virus-like particles (VLP) fiom cultured HeLa cells results 
from the expression of retroviral Gag proteins in the cells and co-expression of small 
viral ion channels, such as M2, Vpu and 6K, with the Gag protein enhances budding. 
Interestingly, the viral ion channels can enhance budding of heterologous virus 
particles. Therefore, to assess budding enhancement by P 7 it was co-pressed with 
the HIV-1 Gag protein in HeLa cells, and VLP release into foe culture medium was 
measuredbyGagELISA. ToacmevetMs,theplasmidspcDNAp7(pcDNA3.1« 
pcDp7.mam as described in Example 20, p7 expressed under control of the T7 
promoter) andpcDNAGag (HIV-1 Gag protein expressed under control of the T7 
promoter) were cotransfected into HeLa cells infected with the vaccinia virus strain 

VTF? - 3 (eXpr6SS6S 17 polymerase) and culture supernalants were collected for 
ELISA assay after 1 6 hours incubation. 




20 functional gcgyftg 



the ability of romnoimd. f« inhibit P 7 channel 



in 



The two methods of detecting p7 ton channel functional activity. 
Examples 33-35, were employed to assay the ability of compounds to inhibit the p7 
channel. In the case of Example 33, compounds were tested for iheir ability to inhibit 
P7 channel activity in planar lipid bilayers. m foe case of Example 35 coi 



were tested for their ability to reduce foe number ofVLPs released from cells 
expressing both p7 and HIV-1 Gag. 



mnOUndS 



30 
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Example 4ft, 

tacterial Bio-Assay for Seri 
Blocking Drnfl fc. 



[on Channel-. 



■ 

HCV p7 Ton Channel inh ibits TWarjal Cell ertnwth. 

A bio-assay of p7 function in bacterial cells was developed. The p7-emcoding 
synthetic cDNA fragment cDp7.coli was cloned into the expression plasmid pPL451, 
creating the vector pPLp7, in which P 7 expression is temperature inducible, as 
described in Example 4. Inhibition of fee growth of B.coli cells expressing p7 at 
37*C was observed as an indicator of p7 ion channel function dissipating the normal 
Na+ gradient maintained by the bacterial cells. 



nslng the Bacterial Rfo-Assav far HCV n7 



Example 50 Componnd Si 
protein. 

The halos of growth around the site of application of particular drags - as described 
in example 14 - were scored as decribed in example 1 5. 



Table 16 lists the scores for inhibition of HCV p7 protein in the bacterial bio- 



assay. 



Table 16 



HCV p7 protein 
Inhibition 



Compou nd 

2^-dimethyIcmnamoylgaamdine 



r 




i 





5-bromo-2-fluorocu w _ 

(4-BromocinnamoyI)guamdine 

2.5- dimefhylcmnamoylguanidine 

3- (ttifluoromethyl)ciimainoylguanidine 

4- (trlfluoromethyI)cmnamoylgiiahidme 
6^etfaoxy-2-n^hlfaoylguanidine 
(2<Worocinnamoyi)guamdine 
(4-CblorocinnamoyOguanidine 
(2-BromocinnamoyI)guanidine 

2.6- dicMorocinnamoyiguanidine 
(3-Bromocinnamoyl)guanidine 
(3-Chlorocinnamoyl)guanidine 

2-(trifluoromethy^cinnamoylgaamdme 
(4-Phenoxybenzoyl)guanidine 



(score /# of t 
tested] 

3.88/2 
3.75 / 1 
3.73 /6 
3.47 /4 
3.43 /4 
3.34/3 
3,33 /5 
3.3373 
3.31 /6 
3.16 /4 
3.00/3 
3.00 /3 
2.92/3 
2.75/3 
2.63 /3 
2.63 /l 



IBS 
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,^cMoibdnnamoylguanidke 
isopiopyloinnainoylguanidine 
ms-3-(l -napthyl)acryloylguanidine 
■t-butylcinnamoylgaanidiiie 
-t-butylckmamoylguanidme 
:-©tiiylcinnamoylguanidin© 
-methylciimamoylguamdine 
-bron^2-methoxyoiimamoylguaiiidine 

-(tnfliiorDmethoxy)ciimamoyIguaiddiiie 

^yclohexylcimamoylguaiiidine 
[1-napthoylguanidind 

"-t-bu^icrnnamoylguanidinu 
ienylbenzoylguanidine 

,S-Phenyl-pei]ta-2,4-dieDoyl)guairidine 
N<cirmamoyl)-N^phea^lguariidine 

3-iso^ylcim^oylguamdinehydrocWoride 
Benzamil hydrochloride 

W-bis(3phenyIpropanoyl)-N''- P li C nylguanidine 
H2-na^yl)acryloy1guaMjdjne 

5-(N-Methyl-N-isobutyl)amilorids 
2'4 DichloroB enzamil HC1 

5-tpt-butylamino-amiloride 

-Etbyl-N-isopropyl)amiloride 
, Ietboxycmnamoyl)guanidiQe 
^fluorocinnamoylguanidine 

(3-Nitrodimainoyl)guaiiidiiie 
4-etfaoxyciiinamoylgaaiiidine 

(4-Hydroxydn«amoyl)guanidine 
(tK^2-Phenylcyclopropao^ 

3- ethoxycinnamoyIguajQidine 

23,5,6,-tetamnethylciiiiiamoylguanidine 

4- phenylcinnamoylguanidine 

trans-3-Furanacryoylguanidine 

N-^Hydroxy-i-Mpfhoy^-N'-phenylguaiiidme 
(2-Puta»actyloyJ)guanidwe 

3-(cyclohex-l-en-l-yl)dnnamoy]guanidine 
cixmamoylguanidine hydrochloride 

5- CN^-hexametbyleri£)amiloride 

2.3- difiuorodmarooylguanidina 

2-(l-napthyl)acetoylgaaniditte 
,a-Methylcimiamoyl)guaijidine 

p-Nitrocinnamoyl)guanidine 
S-Iodoamiloride 

3.4- (methylenedioxy)cinnamoylgaaaidin© 
2-ethoxycinnamoylguanidine 
citwamoylguanidine 

2-phenylcinnamoylguariidine 



2.59/3 
2.51/2 
2.44/2 
2.42/2 
2.36 12 
2.36/2 
2.32/2 
2.32/2 
22$ 12 
2.26/2 

2.25 n 

2.23/2 
2.19/2 
2.13/ 1 
2.13 /l 
2.00/1 

. 2.0/1 
2.0/1 
2.0/1 
1.93/2 
1.88 /l 
1.88 II 
1.88/1 
1.88/1 
1.88 /I 
1.86/1 
1.71 /l 
1.63 /l 
1.63/1 
1.63/1 
1.63 / 1 
1.51 /2 
1.5/1 
1.38/1 
1.38/1 

1.38/1 

1.32 12 

1.32/2 

138/4 

1.24/1 

1.14/1 

1.14/1 

1.14/1 

1.13/1 

1.13/1 

1.00/1 

1.00/1 

1.00/1 
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oylguanidine 



2-(cycIohex-l-en-lyl) 

2- napthoylguanidine 

3- phenyIcionamoylguanidiiie 
5-(N^-Dimethyl)amiloride hydrochloride 
5-(4-fluorophenyl)amiloride 
"3-MethoxyoimMmoyl)guattidine 
-fluorocimamoylguanidine 

<3 f -bromophenyl)penta-2,4-dienoylguanidine 
[(4-Chlorophenoxy-acetyl]guaaidine 
(3-phenylpropanoyl)guanidine 

2- chloro-6-fluoiocimiamoylgua2iidiite 

3- fluorodnnamoyIgxianidiiie 

2- metiiylciiinainoylguanidine - 
(2-Methoxycimiamoyr)guanidine 
1 -bromo-2-napthoylguarridiae 
3A5-trimemoxycimamoyl^ 

3- methylchmamoylguanidine 
3-(trans-hept- 1 -en- l-yI)ciimamoylguanidine 
Amiloridc.HCl 

Phenamil methanesulfonate salt 

2,4^cMorocitmamolyg3Jattidino 

(4-Nitrociimamoyl)guaridke 

^4-difluorocimamoylguaiiidine 

[(E)-3-(4-Dimelhylamin<^heinyl)-2- 
tnethylacryloyl] guanidine 




1.00/1 
1.0/3 
1.0/1 
1.0/1 
1.0/1 
1.0/1 
1.0/1 

1.0/1 
1.0/1 
1,0/1 
0.88 /I 
0.86/1 
0,75 /l 
0.75 /l 
0:75 /l 

0.71 /l 

0,63 /l 
0.50/1 
0.5/2 
0.5 /I 
0.38 /I 
0,25/1 
0.13 /l 



0.03 /4 




Example 51; Egging Arteritis Vlrns (EAV) 
Antiviral Assay for testing compounds 
vims fEAVl, 

To determine the antiviral activity of compounds against EAV replication 
(strain Bucyrus; ATCC VR-796), an assay measuring reduction in the number of 
plaques formed in monolayers of EAV infected BHK-21 cells (ATCC CCL-10) was 
developed: A virus stock was amplified in RK-13 cells (ATCC CCL-37) and this was 
then used to infect confluent monolayers of BHK-2 1 cells grown in 6-well tissue 
culture plates by exposure to the vims at an MOI of 5X10" 3 pfu/cell for 1 hour at 
37°C 5% CO*- The infective inoculum was removed and nd the cells were overlayed 
with a 1% sea plaque overlay (Cambrex Bio Science) in MEM containing 10% PCS 
containing and 10, 5 or 1 pM of compounds to he tested or the appropriate level of 
solvent used for the compounds (control). Plates were subsequently incubated at 
37°C (in 5% CO2) for 3 days post infection, after which time culture supernatant was 
removed and the cells were stained with 0.1 % crystal violet solution in 20% ethanol 
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for 10 minutes. Plaques were counted in all wells and the percentage reduction in 
plaque number compared to solvent control was calculated. Measurements were 
performed in duplicate to quadruplicate wells. 

■ 

Example 52: Effect of co mpounds in T&AV antiviral 

Compounds were screened for activity against EAV replication according to 
the method described in example 35. Results expressed as IC50 values are shown in 
Table 17. 



10 Table 17 




Compound 

5-(N^-hexamethylene)amiloride 



(3-Bromocinnamoyl)guanidine 
trans-3-(l -napthyl)acryloylgu anidine 
2-t-butyloinnamoylguanidine 



2-(cyclohex4^-lyl)cinoamoylOTamdine 



IC50 



7.5 uM 



10_uM 
10 uM 



IS 



20 



Example S3 Dgggne Havivfrna 

Peptide Sy nthesis of Dengue virus M Protein 

The C- terminal 40 amino acids of the M protein of the Dengue virus type 1 
strain Singapore S275/90 (Fu et al 1992) 

(AI&HPGFTVIAIJ 7 IAHAIGTSITQK^ was synthesised using 

the Fmoc method. The synthesis was done on a Symphony Peptide Synthesiser form 
Protein Technologies wc (Tucson, Arizona) as used to give C-terminal amides, the 
coupling was done with HBTU and lrydroxybenzotriazole in N-methylpyrroUdone. 
Each of the synthesis cycle used double coupling and a 4-fold excess of the amino 
acids. Temporary a-N Fmoc-protecting groups were removed using 20% piperidin 



em 



DMF. 



Example 54. Incninftr^ tfon of Deng ue M virus protein into lipid bflgygi 

25 Lipid bilayer studies were performed as described elsewhere (Sunstrom, 1996/ 

Miller, 1986). A lipid mixture of palrmtoyl-oleoyl-phospha^ 
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palmi^^ 

(5:3:2) (Avanti Polar Lipids, Alabaster. Alabama) was used. The ttpid mixture was 
pamted onto an aperture of 150-200 in the wall of a I ml delrin cup. The aperture 
Sen9tatA ° <* «* both containing salt solutions at different ' 

concentrations. The cis chamber was connected to ground and the trans chamber to 
*e mput of an Asopateh 200 amplifier. Normally the cis chamber contained 500 mM 
KC1 and the trans 50 mM KC1. The bilayer formation was monitored electrically by 
the ampntude of the current pulse generated by a current ramp. The potentials were 
measured in the trans chamber with respect to the cis. The protein was added to the 

1 o^T J — — ts were filtered at 

1000 Hz, digitized at 5000 Hz and stored ™ tt,^^- 



15 



The dengue virus M protein ^terminal peptide (DMVC) was dissolved in 2,^2- 
trnWthanol (TFE) at 0.05mg/ml to I mg/ml. 1 0 nl of this was added to the cis 
chamber of the bilayer which was stirred. Channel activity was seen within 15-30 



20 



le SSz ITPYginofhvienft amil™^ 
the dengiia virus \f p rn^:^ r frrtlrfnil 



to inhjblte fa" 



Solutions of 50 mM HMA were prepared by first making a 500 inM solution 
m DMSO. This solution was further diluted to 50 mM HMA using 0.1 M HC1 2 ul of 
the 50mMHMA was addedtothe cis chamber afier channel activity was seen. The 



cis chamber contained 1 ml of solution making the final era 
uM. 



centration of HMA 100 



25 



30 



Sample 56. Antiviral Assay for testing cnm^ . „ r aillst PffeBtc „ fn „_ 
lavjyirns gggjogt cvtnpnrtjferaj 

Compounds were tested at 10, 5. 2.5, 1.25 and 0.625 uM for activity against 
Dengue 1 strain Hawaii using a cytoproliferation assay which measures the effect of 
dengue virus infection on proliferation of LLC-MK2, rhesus macaque monkey kidney 
cells. The LLC-MK2 cells were infected with a pxedetennined amount of virus, 
titmted such that cell proliferation in infected cultures would be significantly reduced 
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»^ touring «fc 1T» fafectcd ceils were then plated at 1 Sxio 1 can. 

ZZr rara,w6tedaU00% - 

compound were scored by calculatine their « 

, average fluorescence as a percentage of 

the negative control. At least six replicate wells wer, m«, „^ 
condition measured for each experimental 



feet Of COmpnpnds In Tl^ c1|f 



15 Table 18 



Drug 



Drag 
Cone. 



Negative control 



cimamoylgaaniduie 



Antiviral 
Perce&t of 
Negative 
Control 



0 



125 



(2"ChloiDcinnam ovl ? 



NA 



76.5% 



17.1% 



38.6% 



583% 



72.6% 



Negative control 
Positive control 





m 




it 



NA 



80.3% 

8.4% 

7.7% 



_22.7% 
52.5% 



— .... »»__^_ i v.v-w 643% 



Negative control 
Positive control 



NA 



80.4% 
6.8% 
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5 


12.4% 1 




2.5. I 


38.7% 




1.25 


73.7% 


^ 


0.625 


77.7% 
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Example 58: Positive em-r^tton bet^i, tw^ t 



and Anti-vi 



Data. 



a 

iteSS.l Positive correlating between V pn Bacterial Assa* 



A correlative study was performed to measure correlation between the activity 
scores assigned to compounds tested in the Vpu bacterial assay and the ability of 
these compounds to inhibit HTV-1 in the anti-viral assay. 



10 Example SR.2. Mgthodploj 



The p24-anti gen data for twelve compounds representing various substituted acyl- 
guamdines was compared with the activity scores obtained for those compounds in " 
the Vpu bacterial assay. The data from each assay was initially rank ordered for 
effectiveness. The rank order for the Vpu bacterial assay was determined from all 
activity scores, the highest score indicating the greatest effectiveness. The rank order 
&r the anti-HIV-1 assay was determined based on the overall average value of p24 
antigen measured in culture supernatant* at all of the drug concentrations tested, with 
the lowest score indicating the greatest effectiveness. The two rank orders generated 
were then compared statistically by generating the Spearman's Rank correlation 
20 coefficient 



25 si 



Example 9*3. Respite ang Conehirfnn 

The Spearman's Correlation coefficient was 0.785 which, by comparison with 
a statistical table of critical values (for n-12), indicates that the two rank orders are 
gnificantly positively correlated (P<0.01) (Table 19a). 

In addition, a different comparison of the Vpu Bacterial assay rank order with 
a yes/no score for whether the anti-viral data indicated a P 24 reduction of at least 
order of magnitude, aligned the 'yes' group of compounds with the top 6 compounds 
by the bacterial assay (Table 19b). . 



one 
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These results are indicative that a positive correlation exists between bacterial 
assays and the antiviral assays as performed according to the present invention. The 

bacterial assay may therefore ausefultool in screening for compounds that exhibit 
anti-viral activity. 

Table 19a. Comparison of Rank order of efficacy of 12 substituted acyl- 
guanidines in the Vpu bacterial assay and antt-HTV assay. 



Compound 



III nil 



cut 



ddine 



Hexamethylene amilorida 

2-(2-pap&vl)acetoyl^uanidme 
(trans-2- 

phenylcyclopropanecarbonvngiiflniHiT,^ 



Table 19b. 



Compounds 
Ordered by p24 ran* order 



(3-broinodimamoyl)guaiiidine 

3<triflparom€^Y^^^ovlpianidiTt6 

3- methylcmnamoyl^uaaidto 
cfanamoy l ^anidine 
trans -3-(l ^pthyna<arvloy lpiiflfflfimA 

6-methoxv^naphthovlguanidine 

4- phenvlbenzoylguanidm& 

(S-phenylwpenta-a^eiiov n^gmM^,, 



N-(3-phenylpropanoyI)-N'' 
phenylguanidine 

Hexametfayle ne amilorida 
2-(2-napthvflaceto 



Bacterial assay 
rank order 


1 P24 
rank order 


I di A 2 


1 

2 

3 


I 1 

L 2 '. • 

3 


0 
0 


4 

5.5 

5.5 


4 

1 7 

5 , 


■ 0 

2.2S 
1 0.25 


7 
8 


11 


16 


9 1 
~12 


- 1 
9 


10 | 


6 


16 


11 | 


10 


1 


r 12 f 


8 j 


16 


. Sumdi A 2 


61.5 


Spearman correlation coefficient 
' P value 1 


0.785 
>0.01 1 



At least lx log 
reduction seen in 
p24 assa y? 

yes 



no 



no 



no 



no 



no 



» 
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no 



Sample 58.4. Correlatln n Betwew Percent jnhlb itioj 
tor matfon and MHV-E bacterial bip-asgav score. 



15 



20 



•Jim* 



25 



A positive correlation was seen between the activity scores assigned to 
>ounds when tested in the Mouse Hepatitis Virus E-protdn bacterial bio-assay 
10 and the percent inhibition exhibited by Ihese compounds in the Mouse Hepatitis Virus 
plaque assay. 



Example 58.5» Method; 

MHV plaque reduction activity data for 96 compounds screened were sorted from 
greatest to least percent plaque reduction and rank orders were assigned to the list of 
compounds. This was performed for the data generated by exposure to both 10^M and 
luM concentrations of the compounds, giving rise to two rank order lists. 
Similarly, a rank order list was generated for the MHVE bacterial bioassay scores for the 
same 96 compounds. Where One or more compounds had the same score, the rank values 
for that group were averaged. 

* « ■ 

Spearman's statistical test for [as described in "Mathematical Statistics with 
Applications- 0- edn): MendenhalL W., Scheafier, RL..& Wackerly, DD. Duxbury 
Press, Boston Massachusetts - 1981] was used to compare rank orders. Briefly, this 
involved calculating the Sum of squares (SS) of the differences between rank values for 
each compound, and then generating the Spearman's Rank Correlation coefficient (Rs) 
according to the formula: Rs - l-(6.SS/n(nM)), where n is the number of compounds 
ranked (96 in mis case). Rs is then compared to a Table of critical values to determine . 
statistical significance (P values)* 



/sample 5ft.fi. Summggg oTRggfljt 

30 ^ This table summarises the Rs and P values generated as a result of the indicated 
pairwise comparisons between rank ordera. 
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10 



Table 20 




Example fift ,7. Concjosfe^ 

corned, MMplta^^rt.i,^^ 

tal assay may thereby be a useful tool in screening for 
nti-viral activity. 



be useful, 
compounds that 



15 



58,8. Comfaffon ^ 1 feMM^, pJaj 

bacterial hio-assai 



me formnfim 



ire. 



•it Hi 



tve elation was seen between the activity scores assigned to 
rounds when tested in the Human Coronavirus 229E E-protein bact 

^ayandmepereeminhibition exhibited by these compounds in the H, 
Coronaviius 229B plaque assay. 



o- 



20 



25 



Example sa o. Metfinti. 

229E plaque reduction activity data for 97 compounds 



Si 







• 


-J 


1 



ed against 2.5 uM 
laque reduction and 



- " *~ wumpounns. similarly, a rank order list was 

generated for the 229E E bacterial bioassay scores for the ^ 97 . ^ 

or more compounds had the same score, the rank values for mat 



>ounds. Where one 
group were averaged- 

* 

S^'mTT! ** ^ " 61 ■*••«— ***** w*h Applications" 
(2 edn): Mendenhall. W.. Sdmrffer »t a wwwraans 
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Massachusetts - 1981] was used to compare rank orders. Briefly, this involves calculating 
the Sum of squares (SS) of the differences between rank values for each compound, and 
then generating the Spearman's Rank Correlation coefficient (Rs) according to the 
formula: Rs = Hti.SS/ufo 2 -!)), where n is the number of compounds ranked (97 in this 
case). Rs is then compared to a Table of critical values to detainine statistical significance 
(P values). 



10 



15 



20 



25 



Example 58.9.1. Summary, of Resnlts and Conclusions 

This table summarises the Rs and P values generated as a result of the indicated pairwise 



comparisons between rank orders. 
Table 21 



Comparison 




Rs 


P 


+ive correlatioi 




• 






Plaque at 2.S\M 


Bacterial 


0.584 


>99.5 


Yes 












* 


randomised 


-0.382 


n/s 


Nq 



The results above indicate that the 229E bacterial assay rank order for the 
compounds tested is significantly positively correlated with the rank orders generated 
by the 229E plaque reduction assay. This result combined with that shown in 
Examples 49.1 and 49.4, provides strong evidence that either assay may be utilised to 
identify compounds that may be useful. The bacterial assay may thereby be a useful 
tool in screening for compounds that exhibit anti-viral activity. 

Those skilled in the art will appreciate that the invention described herein is 
susceptible to variations and modifications other than those specifically described. It 
is to be understood that the invention includes all suoh variations and modifications 
The invention also includes all of the steps, features, compositions and compounds 
referred to or indicated in this specification, individually or collectively, and any and 
all combinations of any two or more of said steps or features. 
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